INDIAN JOURNAL OF PHYSICS 

VOL. XXIIl 

AND 

PROCEEDINGS 

OF FHE 

Indian Association jor the Cultivation oj Science, I ol. XXXII 

(Published in Collaboration With the Indian Physical Society) 


nj.'i 


( Wifli Ihirtyfive Plates ) 


Printed By Sibendranati i Kanjilal, SuPEiUNTENDENr (Offg.), Calcutta 
University Press, 48 , Ha/ra Road, Ballygunce, Calcui i a, and 
Published by the Registrar, Indian Associahon i or 
THE Cui.TIVATION O! SciENCt: 

210, Bowbazar Street, Calcutta 

1949 


Price Rs. 20 or £2 




INDIAN JOURNAL OF PHYSICS VOL. XXI (19*9) 


I. 


3- 

4- 


5- 


6 . 

7- 

8 . 

9- 


10 . 


II. 


12 . 


13- 

14. 


15- 

16. 


CONTENTS 


On the Raman Spectra of Chloro- and Bronio-Aoctyl Chloride in the 

Solid state- By S. B. Sanyal and M. M. Maiumder ... i 

A new Mechanical Violin i)layer and .some Experiments with it — ^By 

B. K.Scn ... ... ... ... ... 7 

Instrumental Landing system for Aircrafts — By A. N. 

Bhattadiaryya ... ... ... ... ... 15 

I'hc Rehitive Intensity of Doublet Spectra — By K. C. Kar and 

S. Sengupta ... ... ... ... ... ly 

Ultra-Violet Bauds of the Zinc iodide molecule. Part fll—By 

C. Ramasastry ... ... ... ... ... 35 


Part II 

On the Geiger-Nullall Relationshii>— By Sukumar Biswas ... 51 

On the propagation of Su])ersonic waves through Licpiids and 

Solutions -By B. B. Oliosh ... ... ... 79 

Microwave Radio Blind Lauding system for Aircrafts — Ay A. N. 

Bhattadiaryya ... ... ... ... ... 8S 

i^tudies of a Schrage Three-phase vSlumt Commutatoi Motor. I 
Vector diagiam at Synchronous and Super-synchronous speeds 
-By H. P. Bhattacharyya and S. B. Deb ... ... 93 


Taut III 

Fission cross-section of Uranium*"' — By S. Biswas and A. P. 

Patro ... ... ... ... ••• 97 

On the Fluorescence of Soliil di-uoriiial propyl Ketone — By 

B. S. Kastha ... ... ... ... 107 

Absorption of Heterogeneous Scattered X-rays — By H. K. Pal ... iii 
Electron Transit time in negative Grid oscillator — By S. K. 

Chatterjee and B. V. fireekantan ... ... ... 119 

Magnetic studies on single crystals of Tungstenite (Wv'-tj) — By 

A. K. Dutta and B. C. Roy Chowdliury ... ... 131 

Part IV 

Dielectric constant of Silica — By .S. K. Knlkarui Jatkar and B. R. 

Yathiiaja Iyengar ... ... ... ... 145 

Feeble Paramagnetism of Chromium trioxide and Potassium 

chromate— By D. S. Datar and >S. vM. Datar ... ... 153 



iv 


Contents 


Page 

17 New bands of the Asuiidi liand-systcin of Co — By Salya Narain 

... ... ... ... ... 161 

tP'. The Spuelrnni o[ highly ionised Iodine. 1 — Vi — By S. G. 

Krishnamuily and I- hTniando ... ... 172 

jg. AIicrO“\vaVL modulation by Variable eircnit elements comprising 

Wave guides or Cavity resoiiatois^^ l^y A. N. Bliattacliaryya ... 175 

20. Band Spectrum of Thalluini Iodide — By P. Tiruvengunna Rao and 

K„ R. Rao 185 

PmcT V 

21. The near IjllrU'Violei i^pectra of Benzene, Part 1. The liniissiou 

Bands — By R. K. yVsnndi and INI. R. Padhye ... jqq 

22. 'bJie l^rincipal iMagnetic Susceplibiiilies of rnngle CTy.stals of Rare 

earth salts at low I'enijieratnies. Parti. Cerium Salts — By 
A. IMookherji . - ... ... ... 217 

23. vSome new features of the green and I V. bands of and the 

Bine bands of and of the Contimia acconipaiiying these 
bands — By S. P. Sinha ... ... ... ... 229 

Pakt VI 

24. The near CUra-violet sj)ectra of Benzene. Pail U, A comparative 

study of the Absorption and PluoiescenLe l)ands — By R. K. 
Asundi and M. R. Padhye ... ... ... ... * 237 

25 The Structuie ol the Resonance line of IJg filtered through Hg 

vapour — By ( 1 . S. Kaslha ... ... ... ... 247 

26. On the Raman si)eclia or C\^_: at diffeieiit temperatures — By N, C. 

Majiinular ... ... ... ... ... 253 

27. h'ort}^ electron syi^tem of iMolybdeiiuiu I\lu IfJ — By V. Ramkrishna 

Rao ... ... ... ... ... ... 258 

28. Thallium Isotope effect in the band spectrum oi Thallium bromide 

— B}^ P. Til'll veiiganna Rao ... ... ... 265 

20. iMaliajaiTs maximum and iiiininium HygrometervS — By L. D. 

Maliajan ... ... ... ... ... 269 

30. Absorjilion and Reflexion of U. H. b\ waves (3 (jo — 300 Mc/s) 

— By S. K. Chatterjee and B. V^. Sreekantan ... ... 273 

l^AK J' VU 

31. The iieai Ultra-violet spectra of Benzene. Part 111. Fermi 

Resonance in Die FmisvSioii spectrum ol Benzene — By R. K. 
Asundi and IM. R. Padhye ... ... ... ... 281 

32. Theory of iloulilet .spectra under Magnetic j^erturbatioii — By 

S.'Sengupta .. ... .. ... ... 287 

remission si)ectnim of the di-atomic Halides of Manganese, Part 1 . 

jMiiCl — By P. Tiruveuganna Rao ... ... ... 3cri 


33 * 



Contents 


V 


34^ 

35- 

36^ 

37. 

3^J‘ 

40. 

ZIT. 

42. 

44. 

^15. 

46. 

47 - 

-il8, 

49 - 

50. 

5i‘ 


Page 

The Principal Magnetic susceptibilities of vSingle crystals of Rare 
earth salts at low Temperatures. Part IL Praseodyniinm 
salts ^ By A Mooklierji ... ... ... ... 

limission spectrum of l^eacl Iodide— By P. Tiruvenganna Rao ... 3:^1 


J’art VTIT 


The near Ullra^dolet spectra of Toluene. Part I. The absorption 
bands with particular reference to the new bands observed — By 
M, R, l^adhye 

The near Ultra-violet S]>cctra of Toluene. Pait JJ. IMie emission 
bands — By R. K. Asuudi and M. R. Padliye 
livaluation of S]jcctrograms of Higlnspeed v^'heel for minor 
Ulenieiits. Plate calibiation melhod By B. N. Bhadiiri 
A study of a Wilson's Cloud t hiiinbcj with large vSeiisitive lime 
and of its Aiiplication in measuring Range of cx-particles 
emitted by Pu'*'* — By II. P. Uu 

Indian Tiopical storms and Zones of Heavy lainfalU -By S. Mull 
and V. P. Rao ... 


331 

330 

347 

363 

37^ 


Pakt IX 


The ICmibsioii spectnim of Bisnmth iodide By P. Tiruvengaiina 
Rao ... ... ... ... ... ... 

Fortyone electiun system of ^Molybdenum. JMo li-By W 

Ramakrishna Rao ... ... ... ... 387 

New bands of the TlCl imdecule- -Ily P. Tirnvenganna Rao ... 393 

Radiation Resistance of Ske^v wire Radio Iraiismission lineS” By 

S. S. Banerjec and R. R. jMehrolra ... ... ... 403 

The Principal .Magnetic suscejitibilities of single Ciyslats of Rare- 
earth salts at low leni])cralures. I’art 111. Neodymium 
salts — By A. Mookherji ... ... ... ... 410 

A note on the Coiiii)ai isou between Fmissioii and Fluorescence 
spectra (Ultra-violet; of Benzene By R. K. Asiindi and M. R. 
Padhyc ... ... ... ... ... 421 


Part X 

New bands in the Spectiiim of Thallium biomide — By P. 

Tiruveiigarnia Rao ... ... ... ... 425 

Preliminary study of some Metallic oxide smokes with Klcctron 

Microscoi^e — By A, K. C'haudhury and M. L. Dc ... ... 430 

A Multi-stage 'riubo expander Air LiquefiLr ^ By A. Bose ... 433 

Tlie Principal Magnetic susccptiI)iliticvS of single crystals of Rare- 
earth salts at low' temperatures. Part IV. Samarium vSalLs 
— By A. Mookherji ■■■ 445 

Band spectrum of Cadmiuni bromide — By L\ Raiuasastry ... 453 



Vi 


Contents 


52 . 

53- 


Page 


vSludies of a Schragc Three phase shunt Coimnulator Motor —By 
H. P. Bhaltaeharyya 

On the Rain-m spectra of solid CH3CI and CH2CI3— By N. C. 
Majumdar 


459 

465 


I’AHT xr 

54. Plausible speed liniit for Melallii- Projeclilcs—By IC. R. Dixit ... 469 
55 Tlie Si)octro-CIiemical deleriniualioii of Carbon in Ferrous alloys 

—By K. C. Maziiinder and M. K. Ghosh ... ... 477 

56. Variation of Intensity of distant Atmospherics with Frequency 

Cliaunels — By vS. R. Kbast,qir and Asit .Sen ... ... 483 

57. On the Absorption of U. H. F. Radio waves in Organic liquids at 

different ten]peraluie.s — By S. N. Sen ... ... ... 495 

58. Hstima tioii of Solvation of Ions in a solution from Kinetic theory 

— By H. Mukheijce ... ... ... ... 503 

59. The Conqile-x .Siiectrum of the Diatomic molecules of Chromium 

Chloride (CrCl) — By V. Ramakrislnia Rao and K. R. Rao ... 508 


Fakt .XII 

60. Kmission specLrum of the Manganese Halides — By P. Tiruveliganna 

Rao ... ... ... ... ... ... 517 

61. On the inilucuce of Solar Activity on the intensity of Cosmic rajfs 

— By 1. L. Chakraborty and vS. 1). Chatterjee ... ... 525 

62. The Complex band speitrum of Titanium chloride (The diatomic 

molecule TiCl) ... ... — ... 535 

63. The Wavcstatistical theory of Complex .spectra— By S. Sengupta 547 



AUTHOR INDEX 


Author Subject Page 

Asundi, R. K. and llie near Ullia-violct Spectra of Benzene 

Padhye, M. R. Pari I. Tlie liinission Bands ... ioq 

Tlie near Ultra- v.iolct Speelra of Benzene 
Part 11. A comparative study of the 
absorption and fluorc.scenee Rands ... 237 

riie near Ultra-violet .spectra of Benzene 
Part III. B'ermi Resonance in the 
Emission spectrum of benzene ... 281 

'Pile near Ultra-violet .spectra of Toluene 
Part II. The Umission bands ... 330 

A Note on the comparison between 
Kmissiouand Fluorescence Spectra (Ultra- 
violet) of Benzene ... ... 421 

Bancrjeei S. S- and Radiation Resistance of vSlcew wire Radio 

Mehratra. R. R- transmission lines ... ... 403 

Bhaduri, B, N. livalution of Spectrograms of High speed 

steel for Minor elements ... ... 347 

Bhattacharyya, A. N, Instrumental Banding system for 

Aircrafts ... ... ... 13 

Micro-wave Radio Blind Lauding system 
for Aircrafts ... ... ... 88 

Micro-wave Modulation by Variable 

circuit I'lements comprising Wave guides 

or Cavity Resonators ... ... 175 

Bhattacharyya, H. P. Studies of a Schrage 'rhree-phase shunt 

Commutator Motor ... ... 450 

Bhattacharyya, 11 . P. Studies of a vSehrage Three-phase shunt 
and Deb, S. B. Commutator Motor, I, Vector diagram 

at vSynchronous and Sui)ersyuchrouous 
.speed ... • ... ... ... 93 

Biswas, Suhiuiiar On the Ceigcr-Nuttall Relatiomship ... 51 

Biswas, vS. and Patro, Fission cross-section of Uranium ... 97 

A. P. 

Bose, Akshayananda A multi-stage Turbo expander Air 

Liquefier 43 ^' 

Chakraborty T. L. and On the influence of Solar Activity on the 

Chatterjee, S. D. Intensity of Cosmic rays .. ... 525 



via Author Index 

Author vSubject Page 

Chatter jce, S. K. and Electron transit time in Negative Grid 

vSreekautan, B. V. Oscillat(^r ... ... iiq 

Absorption and Keflexion of TT. H. F. 
waves ^"300 — 500 Mc/s) ... 273 

Chaudhiiry, A. K. and Preliminary study of some "Metallic Oxide 

De, M. L. smokes with Electron Microsco])C ... ^130 

Dalar, I). vS. and Datar, Feeble Paramagnetism of Chromium 

S. S. trioxide and Pola.ssiuin chromate ... 153 

De, H. P. . A study of a Wilson’s Cloud chamber 

with v^eiisitive time and of its 

Application in measuriii^^ Pang’c of cx- 
particles emitted by Pu"^'^ ... ... 363 

Dixit, K. R, ... Plausible vSpeed limit for Metallic 

Projectiles ... ... ... 469 

Dutta, A. K. and Roy... Magnetic studies on single crystals 

Chowdhury, B. C. of Tung\stenite (WvS:,) ... ... 131 

Garg, Satya Naraiii .. New bands of the Asundi band system 

of C'O ... ... ... 161 

Ghosh, B. B, .. On the propagation of Supersonic waves 

through Idciuids and Solutions - ^ 79 

Jatkar, vS. K, Kuikarni Dielectric constant of Silica ... 145 

and Jyengar, B, R. 

Yathiraja 

Kar, K. C. and Sengupta The Relative Intensity of Doublet Spectra rg 

S. 

Kastha, G. S. On the Fluorescence of Solid diuoniial 

])ropyl Ketone ... ... ... 107 

The Structure of the Resonance line of 

Hg filtered through Pig Vapour ... 247 

Ivhastgir, S. R. and Sen, Variation of Intensity of distant Atmos- 

Asit ... .. phcrics with Frecjueucy channels ... 483 

Krishnaniurty, S. G., and '] he vS[)ectrum of highly ionised Iodine 
Fernando, I. .. l-VI. ... .. 

Mahajan, E. D. Mahajan’s Maximum and minimum 

Hygroinelers ... ... ^69 

Majumdar, N. C. .. On the Raman spectra of CS. at different 

temperatures ... ... ... 253 

On the Raman spectra of solid CII3CI 
and CHoCL ... ... ... 465 

Mazuinder, K. C. and The Spectro-cheniical determination of 

Ghosh, M. K, Carbon in Ferrous alloys ... 477 



Author Index 


Author 
Mooklierjij A. 

M n 

Mooklicrji, A. 


MiikherjuL', H. 

S. and Rao, Y, P. 
Padhyu, AL R. 

Pal, H. K. 

Raiiiasastry, C. 

Rao, P. Tiruveugaiina 

Rao, P. Tiruvcn, Ioanna 

Rao, P, Tiiuveiigatiiia 
and Rao, K, R. 

2— 1712P— 


Subject Page 

The Principal Alagnctic susceptibilities 
of single Crystals of Rare earth salts at 
low tcinpernlures. Parti. Cerium Salts 217 
The Princii)al Magnetic susceptibilities of 
single Crystals of Rare earth salts at low 
temperatures. Part II. Praseodymium 
Sails ... ... ... ... 300 

The Princijial Magnetic Suscc])tibilities 
of single Crystals of Rare earth salts at 
low temperatures. Part ill. Neodymium 
vSalts ... ... ... ... 410 

The Principal Magnetic Susceptibilities 
of single Crystals of Rare earth salts at 
low temperatures. Part IV. vSamarium 

Salts ... ... ... ... 445 

P'stinntion of Solvation of ions in a 

solution from Kinetic theory ... ... 503 

Indian Tropical storms and Zones of 
heavy rainfall ... ... 371 

rile near Ultra-violet spectra of 'i'olueiie. 

Part I. Hie al)Sor])tion bands with 
paiticular reference to the new bands 
ob-served ... ... ... 331 

Absorption of Heterogeneous scattered 
X-rays ... 

Ultra-violet Bauds of Zinc iodide 
molecule ... 35 

Band vSpectrum of Cadmium bromide ... 453 

Thallium isotope effect in the Band 

spectrum of Thallium bromide ... 365 

Kmissiou spectrum of the diatomic 
Halides of Manganese ... ... 301 

liinission spectrum of Uead iodide ... 321 

Emission spectrum of Bismuth iodide ... 379 

New bands of the TlCl molecule ... 393 

New bands in the spectrum of Thallium 
bromide ... ... 4^5 

Emission spectra of Manganese halides ... 517 

Band spectrum of I'hallium iodide ... 185 



X Author Index 

Author Subject Page 

Rao, V. Ramakrishua Forty electron system ol Molybdenum. 

Mo III. ... ... ... 258 

Forty 011c electron system of Molybdenum. 

Moll. ... ... ... 387 

Rao, V. Ramakrishna The Complex l)and spectrum of ritanium 

Chloride (The diatomic molecule 'J'iCD ••. 535 

Rao, V. Ramakrishna and 'I'he Complex spectrum of the Diatomic 

Rao, K. R. molecules of Cliromium Chloride. (CrCl) 508 

vSanyal, ,S. B. and On tlie Raman spectra of Chloro- and 

Majumder. M. M Bronio-Acetyl chloride in the solid stale ... 1 

.Sen. B. K. A new Mechanical Violin player and some 

Fxperimculs with it ... ... 7 

Sen, ,S. N. On the Alisorplion of U. H. F. Radio 

waves in Organic lit|uids at different 
temperatures ... ... ... 

.Seng'upta, S. 'Theory of Doublet spectra imdei 

Magnetic perturbation ... ... 2H7 

The Wave statistical theory of Complex 
spectra ... ... ... .J25 

Sinlia, S. P. . Some new features of the ('.reen and 

D. V. bands of Naz and the Bine bands 
of Ki and the Continua accompanying 
these bands ... ... ... 229 





SUBJEC INDEX 


vS OBJECT Autuok Page 

Air Lifjutifier, A Multi-stage Turbo Aksluiyananda Bose 133 

Kxpandcr, 

Asundi Baud system of CO, New bands Satya Naraiii Oarg i6i 

of, 

Bands of the TlCl molecule, New B. Tiruvengauna Rao 393 

Baud spectrum of Cadmium bromide C. Ramasastry 453 

Band spectium of Thallium iodide P. Tiruvenganiia Rao J85 

and K. R. Rao 

Couii>lex baud si)ectrum of Titanium V. Rauiakrishna Rao 335 

Chloride (The diatomic molecule TiCl), 

'riie, 

Complex vSpeclra. The Wave .Statistical S. Seugupta 5C5 

rireory of 

Complex spectrum of the Diatomic mole- V. Ramakrishna Rao and 508 


cules of Chromium chloride. (CrCl), K. R. Rao 
The 

Cosmic rays. On the influence of the solar I. L. Chakraborty and 525 
Activity on the Iiiteiisity of S. D. Chatterjee 


Dielectric Constant of .Silica .S. K. Kulkarui Jalkar 145 

and B. R. Yathiraja 
Iyengar 

Doublet Spectra- The Relative Intensity of K. C. Kar and S. ly 

Sengnpta 

Doublet Spectra under Magnetic Pertur- S. Seugupta 287 

bation. Theory of 

lilectron Transit time in Negative Grid S. K. Chatterjee and 119 

Oscillator B. V. Sreekantaii 

Kmissiou and Pluoresceiice .Sjrectra of R. K. Asundi and M. R. 421 

Benzene (Ultra-violet) Padhye 

Emission spectrum of Bismuth iodide. P. Tiruvengaruia Rao 379 

The 

Emission Spectrum of the diatomic Halides P. Tiruvenganna Rao 301 

of Manganese. Part 1 - MuCl Do 517 

Emission Spectra of Manganc.se Halides P. Tiruvenganna Rao 517 

Enmilssion Spectrum of Lead iodide 321 

Fission Ci oss-section of Uranium*®* S. Biswas and A. P. 97 

Patro 

Fluorescence of Solid di-mnnial propyl G. S- Kastha 107 

Ketone. On the 



Subject Index 

SuBjiicT Author 

Oeiger-Nultall Rc-lutionship. On the Sukumar Biswas 

Hygrometers. Maliajau’s Maximum and I,. D. Mahajan 
Minimum 

Indian Tropical .Storms and Zones of .S. Mull and Y. P. Rao 
heavy Rainfall 

Instrumental landing system for Aircrafts A. N. Bhallacharyya 

Intensity of distant Atmospherics with ,S. R. Khastgir and 

Frequency channels. Variation of Asit Sen 

Magnetic studies on single Crystals of A. K. Dutta and B. C. 
rung.'ilenite (W.Sji Roy Choudhuri 

Magnetic Susceptibilities of .Single Crys- A. Mookherji 
tals of Rareearth salts at low 

Temperatures. T li e Principal 
Part I. Cerium salts 

Magnetic .susceptibilities of .Single A. Mookherji 

Crystals of Rare earth salts at low 
temiieral tires. T h e P r i n c i ji a 1 
Part II. Preseodymium Salts 

Magnetic Susceptibilities of Single A. Mookherji 

Crystals of Rate earth salts at low 
temperatures. The P r i n c i j) a 1 
Part III. Neodymium salts 

Magnetic Susceptibilities of Single Crystals A. Mookherji 
of Rare earth .Salts at low tcinpcra- 
t u r e s. 1’ h Principal 
Part IV. Samarium .Salts 

Metalic ProjectilieS. Plausible .Speed K. R. Dixit 

limit for 

Metallic (.)xide smokes with Electron A. Iv. Choudhury and 

Microscope. Preliminary Study of M. L. De 
some 

Microwave Modulation by Variable A. N. Bhattacharyya 

guides Circuit Elements Comprising 
wave or Cavity Resonatois 

Microwave Radio Eandiu.g system for A. N. Bhattacharyya 
Aircrafts 

Molybdenum, horly electron system of V. Ramakrishna Rao 
Mo HI 

Molybdenum. Pony one electron system V. Ramakrishna Rao 
of Mo II 

Paramagnetism of Chromium tnoxide and D. S. Datar and S. S. 
Potassium Chromate. Feeble Datar 


Page 

51 

269 

371 

13 

483 

131 

217 j 

.5 09 

410 

445 

469 

43C' 

175 

,88 

258 

387 

153 



Subject Index Xiii 

SuBjBCT AtiTiiOK Page 

Kainaii Spectra of Chloro- and Bromo- S. B. Sanyal and M. M. i 

acetyl Chloride in Solid state- On the, Majumder ' 

Raman Spectra of CSa al different N. C, Majumdar 253 

Temperature. On the 

Raman Si)eclra of Solid CH3CI and CHo N. C. Majumdar 465 

01 ,. On the 

Range of a-Particles emitted by Pu“’'. H. P. Dc 363 

A study of a Wilson’s Cloud Chaml^er 
with large Sensitive time and of its 
application in measuring 

Resonance Hue of Hg filtered through G. vS. Kaslha 247 

Hg vapour. The Structure of the 


Schrage 'I'liiee-Phase shunt Commutator H. P. Bhattacharyya and ' 93 

Motor. .Studies of a T. Vector diagram S, B. Deb 
at Synchronous and Super-synchronous 
Speed 

vSehrage Three-Phase Shunt Comnrutator H. P. Bhattacharyya 459 

Motor. Studies of a If. Behaviour of 
th^ motor running .supersynchronous 
on no-load and subsynch ronous 
on load for identical brush position 


Skew-wire Radio Transmission Tines. S. S. Banerjee and R. R. 403 
Radiation Resistance ol , .■ Mehrotra 

Solvation of Ions in a .Solution from H. Mukherjee 503 

Kinetic Theory. Kstfntaljou of 

Spectrograms of High speed Steel for B. N. Bhaduri . 347 

minor Elements. Evaluation 
of Plate Calibration method 

Spectro- Chemical determination of Carbon K. C. Mazumder and 477 

in Ferrous Alloys. The M. K. Ghosh 

Spectrum of Highly ionised Iodine. 1 -VI, S. G. Krishnamurty and 172 
'pPe 1 . Fernando 

Spectrum of Thallium bromide. New P. Tiruveuganna Rao 425 

bands in the 

.”5upersouicwaves through Liquids and I. B, Ghosh 79 

Solutions On the Propagation of 

Thallium Isotoi-e effect in the Band P. Tiruveuganna Rao 265 

Spectrum of Thallium bromide 

IJ. H. F. Radio waves (300-—500 Mc/s). S. K . Chatterjee and 273 

Absoi'iition and Reflexion of B, V. Sreekantan 



xio 


Subject I ndex 


SuitiJscr Author ' Page 

LI. H. F. waves in, Organic- Liquids at S. N. Sen , , 495 

differeul rempcraturcs. On the 

Absorption of , i. 

Ultra-violet Bands of the Zinc iodide C. Raniasastry 35 

niolectilc. Part III 

Ultra-violet Spectra of Benzene. The R. K . Asiindi and M. R. 199 

near Part I. The limission bands. Paclhye 

Ultra-violet spectra of Benzene. The near R. K. Asuiidi and M. R. 337 
Part II. A Comparative study of the Padhye 
Emission and Fluorescence bauds 

Ultra-violet Spectra of Benzene, ilie R. K. Asuiidi and M. R. 281 

near Part III. Fermi Resonance in the Padhye 
Emission spectrum of Benzene 

Ultra-violet Specfra of Toluene. The M. R. Padhye 331 


near Part I. The Absorption Bands 
with particular reference to the new 
BaiKl,i observed 

Ultra-violet spectra of Toluene. The R, K. Ashndi and M. R. 339 
near Part II. The Emission Bands Padhye 

U. vi Bands of Na^ and the Blue bands S. P.-Sinha 229 

of K.J and of the Continua accom- 
panving these bauds. Some new 
features of ' •' 

Violin Player, A new Mechanical, and B. K. Sen 7 

some Experiments withut > 

X-Rays. Absorption of Heterogeneous H. K. Pal rn 

Scattered 



1 


ON THE RAMAN SPECTRA OF CHLORO AND BROlvlO- 
ACETYL CHLORIDE IN THE SOLID STATE. 

By vS. B. vSANYAL and M. M. MAJU^IDAR. 

( Rccchwd for publication^ Noi\ igjS.) 

Phitc 1 

ABSTRACT. 'I'ljt: Urimmi t'pccira of cliJ(»ro'an(I hoiiiin-ni'rh 1 chlorick* in tljc liquid 
and solid slak’s a-i wt'll as the polarisaliou of flu* Kainan JiiK^ of Hinsc liquids have been 
studied. It is uI^sci’VlmI Hied in Hir liriiiid state the former ('onipound yields a sinaller nuniber 
(*f linc‘s tlian llie latter, wliieli attain gives mueli move lines Ilian those e\q')eeted Iheore- 
ficallv In tlie latter ease some of the ])roiiiiuent linos disa])i)Car in the solid stale, wliile 
in the ea,s(' of i Jdcno-at'el y] t'ldoridt n • siieh ehaiigo t.ilies plriei*. New liiu^s in the low 
li cqiieney rc'giuii ajipear in Die solid slate ni liulli the ease:.. Tlu ehaiiges observed in 
tlit‘ rase of broino aectvl I'liioride are asr‘ri)>ed to the funnal:on ol strongly assoi'iated 
niokenles m ^^Jlieh the Ca; 1 and kdh' ^alenee I'Miees m Hie moieenJe are affected in 
the liquid siate. it is pointed out Hint in Hie case of juopv] bromide also similar evplana- 
tiori ua- offoted liy jaevious workers. 


1 N 'r R O D II C d' I ( ) N 

The Ramau spectra cf acetyl chloride and acetyl bromide have been 
studied in tbc liquid as well as in the solid stale by Bisliui (i 94 Sa). It has 
been reported that all the proinineut Rainaii lines due to the liquid state arc 
also present in the solid slate. It has, tliereforc, Ireen concluded that there 
is no rotational isomers in these liquids. 11 has been ar<^ued by him that 
the presence of two extra lines below i.;oo cm~’ in the Raman spectra of 
each oi the substances may be due to the founation of a.ssociated <;roups of 
molecules in the liquid and solid states of the substances. lu order to uet 
definite information rc^ardins' thr* structure of molecules ui these cases two 
halogen substituted derivatives of acetyl chloride have been chosen in the 
present inve,stigation. ^Ihe Raman spectra of ehloio-acctyl chloride and bronio* 
acetyl chloride in tire liquid and solid stales have thus been studied in order 
to find out tire difl'cvcucc in the Raman .sjrectra due to the two states. In- 
cidentally, the Raman spectra of bromo-acetyl chloride was not studied by 
aijy previous worker and it was not known bow the Raman spectra is affected 
when the chlorine atom attached to the LH:; group iir acetyl cliloiide is 
replaced by a bromine atom. 'Lha polarisation of the Raman lines due to 
these two liquids has also bjeu studied iir irrdei to get iirlorrnatioii regarding 
the symmetry of the molecules. 
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X r H R r ]\r K N T a t. 

The liquids from Kahlbaum’s original packings were obtained from old 
slock of this laboratory and were redistilled in vacimin. The method for 
stndyicg t 1 ie Raman si)ectra of the compounds at low' lemperalures was the 
same as Dial described l)y Bisliiii ( ici4cSb) . Alongpyrexglasstubecontaiii- 
ing the distilled liquid was held in the vai^our of the liiiuid oxygen wdiich 
W’as constaiUly being eva[)orate(l from the lower portion oi the tiansparcnt 
Dewar vessel The Ic'vel of llic ii(jnid oxygen in tlie transparent Dew'ar 
vessel was nmintained at a ])osition about a centimetre below the bottom of 
tile tnhe containing tlie distilled lupiid. Kvaporatiou of the lirpiid oxygeu/ 
w\as frequeiilly accelerated by iuim])iiig out the cold vai)our alKjve the surface) 
of ilie liquid oxygen wdth a Cenco Ilyvac ])ump. A pentane thermometer,' 
which passed tlnongji a cork filled into the mouth of the tvansinncnt Dewar 
vessel, was held in the wipoiir of the liquid oxygen to record the temperature, 
'fhe solidificatitm of tlie exi>eiimental liquid took i>latxi siowb' "^nd a semi- 
transiiarent solid mass of the suVislance wavs o 1 )taiiied. Light from twa) 
vertical mercury arcs, condensed by two six inch glass cnndenseis, wais focussed 
on the substance from opposite sides. 

A Vucss gla.ss si)e(:Lrograph, having a dis])ersiun of 13.5 ^ per mm. 
in the region ot .1046 A, was used in this inve.stigalion. A blue-violet glass 
filter was placed in tlie ])alh of the incident light in older to diminish the 
continmnis liac’kemund in the blue-green legion. The pokiiisation of the 
Raman lines due lo the liipiidh was studied in eacli case l)y photograi»hing 
simultaneously the vei tieal 'iml liuiizontal components of the scattered light 
w'lth ilie help of a double image jjrism. Light from a mercury arc, focussed by 
means of a glass C(nuleiiser, was used as the incident light in thesj cases. 

RUSH Tv T S AND J) I S C TJ S S 1 O N S 

'j'hc si)ectrogi anis for the liejuid anrl the solid slate are reproduced in Plate 
1. The results ai e given in Tables 1 and II. 'fhe results reported by some 
pi e\ ions wankers have i)L*cn given in tlie fiisl column in the case of chloro-ace- 
tyl cliluride only. The data foi the solid obtained in the present investigation 
are given in the last column. The letters c, k, /, r represent exciting lines in 
Kohlrausch's iioiatiun /Diicaiis p<-< 6/7 and P means p — 6/7. The ap- 
pioximate visually estimated intensities arc given in parentheses. 

It can be seen from Tal^^les I and II that the numbers of Raman lines, 
having frequence shills less than 1000 cin“‘, observed in the case of the tw-o 
liquids are quite different from each other, 'fhe results reported by Cheng 
(iq;v|) ill Ilie case of chloro-acetyl chloride show' that there are seven Raman 
lines in the region mentioned above of which the line Sgg cm”^ is extremely 
weak. Witli the exception of this line all the oilier lines have been observed 
ill the present investigation. It has furtlier been observed that all these lines 
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are polarised. No data 

for broino-acctyl chloride arc available and it seems 

that this liquid was not investigated before. The 
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below looo 0111"“^ observed in this case is eleven- 

Three of tJicsc lines are 

observed to be totally 

depolarised. The Raman 
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lines ill Ihiti region arc given by the vibrations of the group X — C-C 

\C1 

where X stands for Cl and Hr in the two eases. It is thus evident that 
when there are two Cl atoms in this group al the two ends the nunil)er of 
Raman lines is reduced Ordinarily, according to the grouj) theory this grouj) 
having only a iJane of syminetry would yield altogether nine Raman lines 
of which seven are polarised and t wo ai e totally depolarised as can be seen 
from Table III. 
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It is thus evident tlial in tlie case of cliloroacelyl cliloride the niiinber 

O 

of Raman lines due to the group Cl-C-C actually observed in less than 

CJ 

that expected the(jreti('al] 3 " and t/iat tJie tolaJ/y dci)oIarised lines arc absent . 
OntheolherIiancliiitheca.se of bromoacclyl cliioridc the niunbei of such 
lines actually observed is much more than that expected theoretically. This 
peculiar dilference in the lieliaviour of the two molecules can be explained 
on the assLunplioii that in the case of cliloroacelyl chloride the selection rules 
lor the ajjpearance of ilic Raman lines due to tlie vibration of the group 
Cl-C'C-CI IS not aifected very much l)y the j)resence of the divalent oxygen 
atom attached U) one of Hie caiI)on aioiii'.. In that case tliis group of four 
atoms would have a centre of S 3 unmetry and would yield only three lilies, 
all polarised, and due ttj the presence of the oxygen atom tliree more lines, 
all polarised, would be LX[TCcled. In other words, out of the nine lines, 
mentioned in Table III, only six would be observed and besides the two 

depolarised lines iiientiuiied ihereiu another line, due to the antisym- 
metric valence oscillation of C-Cl group, would be absent. Taking into 
account the line at i8io cm"^ due to the C — O oscillation, it is found that 
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besides ihcse lines an extra line appears in ilic Raman S[)ectiuiii of this sub- 
stance in the licpud state. 'I'liih line may be due to the association of the 
molecules. 

In the Sf)lid state at the low tem|)erature tlie intensity of the line iSio 
cm"^ diminislies appiecia1)ly and its frequency also diminishes ))y 8 wave 
munbers. Tlie line 5O0 cm'* becomes sharpei in tlie solid state and an 
extra line at 48 cm^^ ai)pears in the ncii;hbourhood of the line 4046 S, 
Tin's latter line is (piite sharj) and considering the complicated stiucture of 
the molecule it i^ difficult to ascribe this line tf) rotational < oscillation of the 
molecule ill the lattice as suggested by Kastler and Roussel (1041) in the 
case of benzene and naphthalene. 

In order to exi^lain the appearance of many extra lines in the case of 
i)romoacetyl chloride the hypotliesis of co-existence of rotational isomers in 
the liquid state could be [)Ut forwards as was done in the case of other dihalo - 
gen derivatives of elliane by ]\lizushiina cl aJ (1936). Ihere is^ however^ 
a serious dilfu iilty in aijjdying the same hypothesis in the jii'cseiit case, be* 
cause if the rotational isomers could l)e present in the liquid state of bromo* 
acetyl chloride they would also be piesent in the case of cldoracetyl chloride, 
but actually it has been shown aliove in the latter case there is strong evidence 
for the existence of only one type of the molecule. Hence in the case of 
bromo-acetyl chloride also rotational isomers cannot be i>resent. Probably 
in the latter case the molecules arc strongly associated and on solidification 
due to uniform distribution of the molecules some of tlie virtual bonds become 
loosened and the correstionding Raman lines disap[)ear. Such an explana- 
tion has been offered in tlie case of ])ropyI bromide by Bisliui (tq.iSc). The 
remarkable changes observed in the Raman spectrum of bromoacetyl chloride 
with the solidilication of the substance can thus be explained. The changes 
observed are lather large, because the strong lines 363 and 526 cnH ^ disappear 
and the line 207 c'liH* becomes more intense in the solid stale. Also the 
frequency shift of the line 2956 cm”, due to C — H oscillation, increased to 
2980 cm”' ill the solid state and the intensity of the line 1S12 cm”^ diminishes 
appreciably. 'I'lic changes are not observed in the case of chloroacelylchloride 
in'obably because the virtual attachment of chlorine atom to any of the two 
carbon atoms produces the same change in the C- Cl frcitucncy in both the 
groups to the same extent. A comparison of tlie Raman siiectra of the liquid 
and solid stales of chloro-and bromo-acetyl chloride thus seems to support 
the hypotliesis put forward by Hishui 119480) regarding the clianges occurring 
ill the Raman spectra of pioi)yl bromide with the change of state. 
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A NEW MECHANICAL VIOLIN-PLAYER AND SOME 
EXPERIMENTS WITH IT 

By B. K. sen 

(Receivc 4 for piihlicatw^i, Sept, lo^ 1^48} 

abstract. The paper gives the description oi the conslruction of a new model of 
the mechanical violin-player with sensitive arrangements for the measurements of pressure 
and velocity of the bow. Some uf the experiments done by Raman with his mechanically 
played violin Jnvc t)een repeated and extended as well with the help of the new apparatus. 
The preliminary results (detained do not generally confirm Raman's conclusion regarding 
the relati:>n between the minimuni bowing pressure lo excite the fundamental lone and 
the distance of the bowed region from the bridge Imt confirm.^ that regarding the relation 
betw^een pressure and velocity of the bow, when the bmved region is kept i4naltered 

INTRODUCTION 

Raman (1920) by bis experiments with the mechanically played violin 
constructed by him has shown that — 

le the bowiiiy pressure to excite the fundamental varies inversely as 
the square of the distance of the bow from the bridge ; 

(2) for very small bowing speeds, the bowing pressure necessary tends 
to a finite minimum value and the increase of bowing pressure with speed 
is at first rather slow but later becomes very rapid ; 

(3) the bowing pressure for different frequencies shows a series of 
maxima which a])proximately coincide in position with the resonance frequ- 
encies of the instrument. 

Further, Raman studied the elTecl of muting on the bowing pressure 
and found that the mule produced profound alterations in the form of the 
pressure frequency curve. 

In Raman’s experiments the bowing was done not by moving the bow 
in the usual way to and fro across a fixed violin but by moving the violin 
itself, keeping the bow fixed. The pressure of the bow on the violin in 
his apparatus could not be kept constant throughout the entire run of the 
violin. This variation of pressure as the violin moved was, however, kept 
small by having a long lever. Moreover, the observations of the character 
of the tone were made for a particular position and direction of movement 
of the violin; but the method by which the speed of the bow was determined, 
it appears, gave only the average speed for full strokes to and fro, which, 
evidently, is quite different from the average speed over a small region in 
tbfi neighbourhood of the particular position for which the character of the 
tone was observed and the pressure lo excite it, measured. The present 
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author has devised a new and improved form of mechanical violin -player in 
which the violin is kept fixed and the bow is moved in the usual way across 
the string. The bowing pressure in the new apparatus can be kept at any 
constant value during thi' bowing. Arrangement has been made for the 
measurement of the pressure from the vertical displacement of the violin 
the magnitude of which is measured by applying llie principle of mechanical 
magnification, Instead of measuring the average velocity of the bow over 
its entire run, that for a small distance near the middle of the run has been 
measured and observa Lions of pressure and characteristic of tones have also 
been made for the same region. 

I'lie object of tile present investigation has been to construct a new 
model of the mechanical violin-player with sensitive arrangements for the 
measurcmciils of piessure and velocity and to study some characteristic.^ 
of the bowed siring with its help. Some of Raman's expeiiinents liaveA 
liowcvcr, l)eeii ief>eaLed with tlie helj) of the new aj}paraliis. ^ 

1) H S C R 1 V O N O V T H K A P P A R A T T) S 

A shaft /in is moved to and fro smootlily through two guides G,G by 
means of an arrangement of crank, wheels, S];eed-reducing gears and motor 
as shown in the .sclienialic diagram iFig. i). The speed is controlled by 


w /f 
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distance over which it moves being nearly one foot. Below the bow is placed 
the belly of the violin in a cradle C which touches the violin at its three nodal 
points only. The cradle is supported on a spring system s,s, s,s, carried on 
a small horizontal platform P attached to a vertical piece R moving smoothly 
in grooves in a vertical stand W. The up and down movement is effected 
by means of a screw head arrangement H. The handle of the violin is sup- 
ported on a horizontal axis aa’ passing through a small hole made at the 
end of the handle. Thus the violin is supported at one end by the axis aa' 
and at the other end by the cradle C and lies horizontally between aa' and C 
with its face upwards and is free to move in a vertical plane about the axis. 
The axis, made of a piece of steel wire, is supported on a U-shaped vertical 
stand R' which can also be moved uit and down along grooves made in a 
vertically fixed wooden piece W- The up and down movement is effected 
by a screw-head arrangement H'. The vertical wooden pieces with grooves 
carrying the supports of the violin at the two ends are fixed on another large 
piece of wood DD' which is capable of hoi izontal movement at right angles 
to the direction of the length of the bow and c an be fixed in any position 
on the wooden base of the apparatus. With the hel)) of a scale fj' attached 
to the base and a pointer p fixed to the sliding wooden piece the distance 
of the bowed region from the bridge can be determined after applying index 
correction. The distance of the bow from the bridge is always measured 
from the centre of the bowed I'egion. 

I'RRS.'^URR RRC ORDER 

For recording pressure a .small pin kk' is fixed to the bottom of the 
cradle carrying the belly of the violin. This pin presses against the end 
of the smaller arm of a lever 'V, the end of the longer arm of which moves 
over a vertical scale min'. The fulcrum of the lever is fixed on a vertical 
thin stand n«'. 1 his stand and the vertical scale are supported by means 

of a cross-piece oo', rigidly attached to the vertical support R of the platform 
carrying the spring system. For measuring any pressure the scale mm:' 
is previously calibrated by means of actual weights placed at desired points. 

ARRANGEMENT FOR MEASlTRTNfO VEDOCITV OF 

THE now. 

This arrangement is shown separately in Fig. la, in which, a part of the 
shaft and the bow and other additional adjuncts are given. 

The horizontal run of the bow is nearly one foot and the average veloc- 
ity of the bow is measured over a distance of 6 cms. near the middle of the 
run. Pressure and tone characteristics are also observed oyer this region. 
For the measurement of velocity a piece of smoked paper qq' is drawn along 
a smooth platform LV parallel to the bow under a thin stylus d attached 
to a prong of a vibrating tuning fork of frequency loo, supported horizon- 
tally an a vertical stand ttlat a wavy curve is produced on the paper. A 
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pin W is attached to the end of a lever EF resting on a thin short piece of 
wood MN fixed on the shaft in a region corresponding to that of the middle 
of the travel of the bow, The end of the pin lies by the side of the stylus 
from the prong. The pin is adjusted in such a way that it normally touches 
the smoked paper and makes a straight line on it parallel to the wavy curve 
so long as the lever rests on the shaft only. But wlien during the movement 
of the shaft the lever comes over the thin wooden piece MN on the shaft 
the end of the pin is raised from the paper and there is a break in the line 
drawn by it. The pin again goes on tracing the line when the lever has 
just passed over the piece of wood. The length of the break is compared 
with the number of waves lying parallel to it by putting the smoked ])iece j 
of paper under a travelling microscope. From the known frequency of the 
fork, the length of the piece of wood MN, and the number of waves corres- 
ponding to the break in the straight line drawn by the pin ii' the velocity 
of the bow' is determined. 

R r? S TT i< T R 

fj) Pressurc-dislavcr relalion : 

Kxperinieuts have been done with the G-string of the violin and the 

results obtained are shown 
graphically. Keeping the 
bowing speed constant the 
pressure was measured ff>r 
different distances ‘d’ of 
the bowed region from the 
bridge. The results obtain- 
ed point to a rectangular 
hyperbolic relalion between 
Pm and d, i.e., the pre- 
ssure varies inversely as 
the distance approximately, 
as shown in the P„,-d 
curve in- Fig. a. Raman 
has, however, found Pm 
to be proportional to i/d*. 

(la) The frequency of 
the string was then altered 
and kept at a fixed value . 
by changing the tension only and the experiment to find out the variation 
of Pm with d was repeated. This was done for three different frequencies. 
It was found that the form of the Pm-d curve for every new frequency re- 
mained the same as before but P„, increased with the increase of the frequency 
of the String of the violin under investigation. This is shown by the curves 



Fig. 2 

P„-d curve (velocity = constant) 
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I, II, aiid III ill Fig. 3. For every curve the relation Fn»®= i/d holds good 
approximately . 

(2). P ressure-velocUy relation : 

Experiments were next performed at a particular frequency of the string 
keeping the bowed re- 
gion constant but chang- 
ing only the velocity 
of the bow. The pre- 
ssures necessary to excite 
the fundamental for di- 
fferent bowing speeds 
were measured and the 
pressure-velocity curve 
obtained is shown in 
Fig. 4. The nature of 
the curve is found to be 
the same as that obtained 
by Kaman. Just as in 
Raman’s experiment, the 
pressure required to ex- 
cite the fuiidamental tone 
increased slowly at first 
and later rapidly as the 
velocity of the bow in- 
creased. The latter part 
of the curve shows that 
the pressure necessary 
increases roughly in pro- 
portion to the speed. In 
Raman’s experiment it 
was also found that for 
very small bowing speeds 
the bowing pressure tends to a finite minimum value. The experiment of the 
present author was not, however, carried down to very low velocities, but 
the bend of the curve near the lower end, it appears, gives a definite indication 
of the validity of Raman’s conclusion. 

In all the above experiments the minimum pressure necessary to excite 
the fundameulal tone has been measured. It was, however, noticed during 
the above investigation that the pressure can, in all cases, be increased by a 
smair amount without altering the tone characteristics; but when increased 
beyond a certain limit, the string becomes loaded and the tone changes. 
Thus for every frequency of the string, for all distances of the how from the 
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bridge and for all speeds of bowing the pressure necessary for ilie excitation 
of tlie fundamental lies between certain definite limits. 

REMARKS 

The investigation was carried in the Rajshahi College Physical 
Laboratory, It is regretted that the wide range of studies aimed at with 
the new apparatus could not be completed on account of the parti- 
tion of Uengal and the apparatus which could be made a very sensitive 
one with certain additions and alteration contemplated by tlie author had 
to be left behind at Rajshahi College, in this paper an account of some 
of the preliminary experiments performed has only been recorded, 
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INSTRUMENTAL LANDING SYSTEM FOR AIRCRAFTS 

By A. N. BHATTACHARYYA 

(Received for pttblicatwn, Aug. 6, 1^4$) 

ABBTBAOT. tollowing the pi’incix>le of interference of electro'-niagnetic waves 
radiated from two sources, the relative phases of the two waves remaining constant, it is 
shown that by arranging tw'n pairs of such sources, one pair emitting w'aves of frequency 
different from that of the other, a glide path is defined by the intersecting portion of the 
central fringes corresponding to two sets of fringes formed in the space. 

r N '1' R O D U C T i O N 

One of the important features ot the radio aids to aviation is that witli 
the help of radio instruments an aeroplane may land under conditions of poor 
or even zero visibility. Such arrangements for landing aiiciafts are com- 
monly known as "'blind landing systems” and ‘^instrumental landing systems" 
and ])rovide the pilot with lateral guidance, vertical guidance and position 
fixes. Most of the instrumental landing systems are based on the prin- 
ciple of partial superposition of radio beams and creation of an equisignal 
zone, this paper describes a system utilising the principle of interference 
of radio waves radiated from two aerials which are excited in the same 
phase with one high frequency current. The loci of the maxima and minima 
in space form a system of coufocal hyperboloids, the two sources or aerials 
being the foci. 

DESCRIPTION OF THE SYSTEM 

The principle utilised in this system will be explained with reference 
to Fig. I. One pair of aerials 0, O' is situated above the ground level 
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at the same height, the distance between 0 and O' being at least 500 yds. 
The runway CC passes through the middle point of EE' and is perpendicular 
to the line EE'. The points E and E' are the ground points just below 0 
and O' respectively. The aerials Cl, O' are excited in the same phase with one 
ultra-high frequency f/i ) current. In this case the central fringe (i-c-, the 
bright fringe foi which the phase difference between the waves from 0 and 
O' is zero) will coincide substantially with a vertical plane (which is partly 
shown as CMNB) over the runw'ay C'C'. Other fringes of the same set will 
be confocal hyirerboloids of which 0 and O' are foci. Another pair of 
aerials E and P' i.s situated near O or O' at different heights from the ground 
and lies in a vertical plane which is parallel to the plane CMN. 'Ihesc two 
aerials P and P' are so arranged that the line P P' makes an angle (a) with 
the vertical line P'Z passing through the higher aerial P' . 11 will be seen 

that when P and P' are excited in the same phase with another ullra-liigm 
frequency (/a) current the central fringe will substantially coincide W'ith a 
plane partly show-u as XX' which makes an angle (a) with the ground plane. 
The angle («) is not greater than 3 ■ ^nd it is the desired angle of landing 
or glide angle. Other fringes of the second set will be conlocal hyperboloids 
of which P and P' are foci. The liire of rnter.section AB of the two central 
fringes will be the desired glide path. 

Ultra-high frequency waves are utilised in this system because width 
of a fringe dei»ends on the w'ave length and sharpness of the glide path 
depends on the uanowuess ol the fringes. The wave lengths may range 
between 5 to lo metres. It may be showm that the width of any fringe in- 
creases as the distance of a point on tlie .same fringe, from the sources in- 
creases. For the aerials 0, O' the fringes will be uarrovx.est at llie points 
of intersection with the line O, O'. The glide path will he a channel of 
substantially rectangular cross-section. 'Ibis cross-sectional urea will be 
nimimum when the airplane reaches the vertical ])lane containing O, O' and 
at the point B of lauding it will he slightly greater than the minimum. The 
field strength along the glide path will increa.se to a maxiiiuini value when 
the vertical j)lane through 0, O' is reached and it will decrease gradually 
until lauding is effected, if the effects of earth’s reflection are not considered. 
The glide path is surrounded by a dark region of considerable width depend- 
ing on the wave lengths used. The aircraft follow'iug the glide path will 
receive signals from both pairs of aerials O, O' and P, P'. If the aircraft 
moves left, right, up or do^vvu from the glide jiatli AB, the current in the 
output meter of one ol the two icceivcrs h or will be zero at fiist and 
will increase when the next bright fringe is reached. Thus the system 
provides lateral as wtdl as vertical guidance. 

h'or providing position "fixes” the system uses two marker beacons 
having fan type radiation pattern, the beams being relatively very narrow 
in one vertical plane and relatively wide in the vertical plane at right angles 
to the first mentioned vertical plane. Each of these marker beacons uses 
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microwaves and cyliriclrical parabolic reflectors shown in F'ig . 4 . The wider 
portion of the beam of the outer beacon is parallel and coincident with the 
vertical plane conlaininft the runway. The wider portion of the beam corres- 
ponding 10 the inner marker is as usual at i ight angles to said plane. These 
marker beacons are utilised for the identification of the central fringes. 

LANDING O P l{ R A T I O N 

When the aircraft approaches the airpoi t, it moves round to find signals 
from the outer marker and identifies the central fiiugc corresponding to 
O, O'. Proceeding towards the runway it glides down to the point A' 
(Fig. 2) which is at predetermined height. The aircraft then follows the 



straight line glide path A'P'P until landing is eflected. At point D' which 
is also at predetermined height checked by the altimeter, the aircraft crosses 
the inner marker. Both the iioints A' and B' are in the plane containing 
the central fringe corresponding to P P'. 

A L T R R N A T 1 V R FOR M R 

If known type of ultra-high frequency localizer beacon is used for left 
right guidance, the aerials O, O' may be dispensed with. For the vertical 
guidance the plane containing the central fringe coiresixuiding to P, P' will 
be followed by the aircraft. In this case fan-type marl er beacons are 
arranged in the usual way, the I'cams being wider in planes at right angles 
to the plane containing the runway. Tln^ central fringe corresponding to 
P, P' may be identified if the aircraft glide.s down to predetermined 
heights when crossing the marker beacons. 

In another modification of the system using ultra-high frequency carrier 
waves, the aerials 0 , O' tramsmil contemporaneously pulses of different 
width. A cathode ray tube leccivef is used in the aircraft for identifying 
the central fringe corresponding to O, O'. While the aircraft is in the plane 
of this central fringe, the pulses from O and O' will be received at the same 
tyne and indications of the two pulses in the cathode ray tube will be super- 
posed. When the aircraft is in any other plane the pulses will show separate 
indications the angular separation Of the indications in the cathode ray tube 
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which uses circular time base circuit, depends on the angular position of the 
aircraft with respect to the plane of the central fringe corresponding O, O'. 
The aerials P, P' radiate ultra-high frequency modulated waves and the 
central fringe corresponding to P, P' may be identified by gliding down 
to pedetermined heights w'hile crossing the marker beacons. 

DISCUSSION 


The ground waves consists of two components, a 'surface wave’ and a 
‘space wave.’ The surface wave moves along the surface of the earth and 
the space wave is the result of the direct wave and a ground reflected wave. 
The fringe system de.scribed so far, is formed by the space waves only. Wheni 
horizontally polarised waves are used, the antenna heights may be expressed^ 
in terms of a “rnnnerical height” q which is defined as . 



w'here /i/A» height of the antenna in wave lengths 

1 .8 X lo^'V 

4 

Jmc 

(T =: earth conductivity in e.in.u 

i/'o — of iiicideiicu of j^’ronnd reflected wnvu with earlii 
ime -fiequciicy in cycles 

f-: ^dielectric constant of eartli (taking dielectric ccjuslaiu of air 
as unity). 

The space \Nave and surface wave will 1 lave eqiril intensity when the height 
of the receiving antenna is such that i <. q <. 2.5. Calculation of the field 
strength taking into account the space wave only neglecting the surface wave 
will be approximately correct until the q of either the transmitting or 
receiving antenna is less than 1.5. For horizontally polarised waves the 
numerical height corresponding to a physical height is so great that, the 
surface wave can be neglected. 

The general formula for calculating the intensity of the space wave at 


an elevated receiving point B produced by an elevated transmitter at A under 
conditions where B is aboyevthe line of sight with respect to A is 



where £o«= field that would be produced at unit distance if the antenna 
were in the free space and the currents were the same as are actually present 
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^ “ . j. - — a factor taking into account diverg* 

^ kad tan Y-j - “ 

ence of reflected wave produced as a result of reflection from the spherically 
curved surface of the earth 

r= magnititde of reflection co-efficient as calculated by Eq. (3) 

P = phase angle of reflection as calculated by Eq. (3) 

0 s — ! S3 phase difference between direct and ground-reflected 

A 

waves due to differences in path 
A «* wave length 

/i = V Wx — h'^V = path length of direct wave 
h = id d’‘ + (h\ + h's^^ = path length of ground reflected wave 
'P'2, d, h'x, k'2, /) and are as shown in Fig, 3. 



Fig. 3 


For horizontally polarised waves for which (/>~o) the negative sign applies. 
The vector ratio R of reflected to incident wave is termed as reflection co-effici- 
‘ent and for horizon lal 1 mlarisation 

ji ^ r , ( 3 ) 

v' «' - cos^^ -I- sin 1^2 
where ^*3 = angle of incidence 
fi' = e-y 6 cr A X 10'® 

e == dielectric constant of earth (air taken as unity) 
a = earth conductivity in e.ni.u. 

From Eq. (2) it may be shown that the ground reflected Wave front any 
antenna, say 0, will not cancel completely the corresponding direct wave, 
when both the transmitting and receiving antenna are several wave lengths 
above the ground. 

3-r.i7raP— I 
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While proceeding towards the lunway along the glide path the resultant 
field strength for ( 0 , O') and (P, P’) will depend on several factors, such as 
I. The distance between transmitting and receiving antenna, 

3. The directivity of the transmitting antenna. 

3. Interference caused by ground reflected waves. 

The transmitting antenna may be Alford type (Fig. 5) which radiates 

VEfiTlC/^L /KV/TENa/a 
^ AT FCivs 




only horizontally polarised waves. The aerials (0, O') are situated nearly 
100 ft above the earth’s surface. Tlie aerials P and P' are situated at points 
which are 50' and 200' above the earlli’s surface respectively. While cross- 
ing outer maihei /jo (Fg. 2) will be appioxiniately looo' and for th'e inner 
marker hi is approximately 100 ft. when the glide angle is 3°. The sup- 
porting towers for the aerials 0 , O' , V, P' and the inner marker beacon are 
situated in a line perpendicular to the produced portion of the runway. Fastly, 
it may be mentioned that if the waves from the aerials are frequency modu- 
lated, the central fringes will be stationary while the other fringes of 
the two sets will oscillate in space. 
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THE RELATIVE INTENSITY OF DOUBLET SPECTRA 

By K. C. KAR and S. SENGUPTA 

(Received for piiblicalion, Se^t. lo, ig.fSi 

ABSTRACT. A gciirriil wave stalistii'ul approximation njethod is> developed for calcu- 
lating the spill and relativity corrections of eigen-energy I'lic method lias also been 
extended to calculate the relative iiiten-sities of simple and coiupouiid doublet spectra. The 
inteiisiites thus calculated arc in agreement with those obtained from the application of 
Rnrgcr and Dorgclo's empirical rule, liicidcntally the selection rule for vin is also 
obtained. 

The relative intensities of simple and compound doublet lines have so far 
been calculated by Becherl (1930) aud Saha-Banerjee (1931), using Dirac's 
theory. From discussions of the problem in different treatises available to us 
it appears that the general opinion about it is that the intensity of doublets 
can only be calculated from Dirac’s theory which considers electron spin. 
It is also thought that the splitting up of Schrodinger wave-function into four 
eigen-functions by the non -commutative method of Dirac is necessary in 
these problems. 

Tlie object of the present paper is to show that the relative intensities 
may be very easily calculated by the w.ave-statistical method in which no- 
where the usual commutative laws have been violated. It may be mentioned 
that in th’e wave-statistical theory we have considered the relativity and spin- 
orbit corrections of energy separately. It has been shown that the two 
corrections of eigen-energy are of the same order and are so small that the 
wave-functions are unchanged to a first approximation. In other words, the 
wave-functions arc same as in the nou-rclativistic problem. Consequently, the 
question of splitting the Wave function into four as in Dirac’s theory, does 
not at all arise. The intensity has been calculated with the help of these 
nou-relativistic wave-functions. 

Before we actually go into the problem of inteusity, it would be advisable 
to give in outline the methods of deriving Sommerfeld-Dirac’s spin-relativity 
formula for doublet levels. Of the three methods to be given below, the 
second has been already discussed by one of us (Kar aud Mukherjee, 1934). We 
shall, however, present it in the following avoiding certain approximations 
made previously. 

It has been shown before that llie frequencies of and Xs waves are 
respectively 

* h . 

(i) 
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It is well known in the theory of relativity that 


r r ( 

h]da — ho\'~ 




\ V 1 -^ 


— I 


If £,-o be the perturbation energy due to the spin-orbit interaction, 
we have 

Jl “ JS I _o ~ F “ Ekin 


where E is the total energy. On combining of the two above equations, W£ 
have after easy transformations 

... (,) 

J-.- ho - F 

which is the velocity of the Xi'wave being equal to the instantaneous velocitly 
of the electron. Now, from (i) we have for the frequency of the Xi-wave 


„ ^2Eki„_ mv,“ ^ I (/-:-E,_o + ho-F)®-Eo’* 

^ h " h h' E~F, + ko-V 

Therefore, after eliminating time we have for the Xrwave equation 


(2.l)\ 


^Xl + — *2 • = 


i’i 


or, 


1 + - E , _o + £o - E) ® - Eo 2>X 1 = o 


(2.2) 


Again,, as and the velocity of the Xs-wave is p we have 

for its value (when projected in the g-space) 

EC 


{(E-E,-o + Eo-F)2-Eon^ 
Hence after eliminating time we have for the Xs-equatioii 

Axa + — 

V2 


(3) 


Ol't .^2 

^X2 + ,^-2{(b'-E.-o + Eo-F)«-Eo“}X8ro - (3-i) 

being same as the xi -equation as it should be. After easy transformations, 
the x-equation may be written in the form (E,y = moc^) 

Ax + ^4p4e-E,-o“ 1^ + — ^fE-E,.o-n4x»o ... (4) 

h” I 2 m qC^ ] 

It is evident that if lu the above equation (4) we neglect the small energy 

corrections E,_o and — ^j-fE-E^-o- F)® wc get the non-relativistic x* 
2m oc 

equation. Now, in the second correction which is small because Wqc* is 
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great, we may neglect £*-(» 'vhich is already small. Thus (4) becomes 

) 


Ax + 






+ - ' ,-(E-10®fx = o 

* ‘ 2moc* 


(4.1) 


in which E,_o and F)® are obviously the spin-orbit and relati^ 

2moC® 


vis tic corrections of energy. 

Frenkel (1926) and almost simultaneously Thomas (1927) have shown 
that in the case of spinning electron moving in an orbit one should use 
Ivorentz transformation for a rotating axis. With this idea they find that the 
total relativity effect is to produce the usual relativistic change of mass and, 
in addition, a precession, the energy corresponding to which is 


p _ _ 


(LS) 


(S) 


where L and S are respectively the orbital and spin angular momenta. As 
£,-0 in varies inversely as r® it is not possible to get a rigorous solution 
of (4.1). If, how'ever, the spin is neglected Eq. (4.1) admits of a rigorous 
solution, as is well-known, discussed by Schrodinger for the relativistic problem. 


R I G R N-R N E R G Y W 1 1 H SPIN AND RELATIVITY 

t' f) R R E C 'J' 1 O N S 


In the following w'e shall adopt a perfectly general approximation-method 
which is admissible because the spin and relativity effects are small. The 
principle of the method may be stated in a nutshell as follows. At first we 
neglect the small spin and relativity corrections in (4.1) and obtain the ap- 
proximate non -relativistic wave-function x- With this approximate X function 


wc next calculate the average values of E,-o and Er = - -- F)®. Now, 

awoc 

instead of their actual values we take these average values in (41). As the 
averages are constant, (4.1) can be easily solved as in the non-relativistic case 
and we get the eigen-energy corrected for spin and relativity. 

First Method : — We have for the wave-statistical average of the relativistic 
correction of energy 

Er “ xMB - F)®dr (6) 


Because it is a correction, E w'ithin the integral in (6) should be the unper- 

-a 

tur bed eigen value of energy being equal to -Rite ^ calculated non-relati- 

visticaily in the usual way. After integrating with respect to S and we 
have form (6) 



I 









(6.1) 
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After integrating with respect to r wc have 


y. _ £ IE o) 

' ^ I 2 an^ ) i) 




where a— - On substituting for a and Zi we get after easy trans- 
it * i n ^ * 


i\n‘moe 


formations 


I »'M/ + 5 ) 4 M 


• ■• (6.3) 


where the fine structure constant a = ^-~ . In the same way we have for the 

he 

average spin-orbit interacting energy (vide Eq. (5)) 

E,-o= f (LS) f X1X2-!, dr ... {; 

J 21)7 (, c J r 

Because E,~o is independent of B and •!>, integrations with respect tc 
these co-ordinates give unity. Hence we have from (7) after B and <l> 


integrations remembering that is the unit of L and S, 


E,-o- 


Ze' I 2n 


(Ls;/ 


r dr 
r 


... (7.1) 


2 l)Io“c" \ h 

The r-integral (7.1) gives the average \ whose standard value is 


well-known. Thus we have 


£ ._o = ( '' y (LS) 

21IIb'C~ \ 2-T ' 


Z" 


a” n''(l + i) {1 + 1)1 


... ( 7 - 2 ) 


On substituting the value of a given before w^e get after transformation 


£,_o — £hc 


£ 7 y (LS)_ 

n* 1{1 + j) (I 1) 


(7.3) 


As the scalar product 


(LS)= (L + S)^ ~ L° - S ' _ j(jd i) — /([ + i ) — s(s + i) 
2 2 


= - fory=/-t-^ 


/+! 


for j — l-l 


(7-4) 


wc have from (7.3) 


E +Rhc 


I . 

n® * 2(/ + i) (1 + i) 


tor j^l + i 




< 7 *S) 
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On substituting the average values E,_o and £r in place of their actual 
values in (4.1) we have for the corrected discrete Values of energy 


E— —Rhc 


= -Rhc 


Z 3 


\ “ 



\l + i 

2 “ 


1 ” 

n“ 

n* 

7 




which is the spin-relativity foriuiila of Sonimerfeld and Dirac. 

Second Method . — The spin-orbit interaction energy may also be written 
in the form 


E s-o — 


(L S) I 

2moc® ^Tt^iuoZe^ r 


remembering that 


is the unit of L and S and denoting V= 


ft has 


been already pointed out that as E,_o involves , the wave equation (4.1) 

cannot be solved by the direct method. In the previous method the difficulty 
w'as overcome by taking the wave-statistical average value. In the present 
method, however, we get rid of the difficulty by taking the wave-statistical 

instantaneous value of . Thus after sub-titution of this value, K,-,, depends 

on and Eq. (41) may be rigorou-.ly solved in the usual way. 


711 1 


X-/I L (/>) P (0) c 

lOffi n t /. t 


... (10) 


2 T 

where , ro= — — - 5 and A Ihc averaging factor for rp^p- 
ro’ 47T^inoZe^ re* 

co-ordinates. It is evident that the phase density XiXa generally depends on 
r and 0 but is independent of <p. The instantaneous most probable value of t 
may be ubiained from the coudition 


(XiX2) = ° 


.e., -f. L ip) 


-o 


(lo.i) 


It is not possible to get a general expression for r in a simple form, 
from the above condition. So we calculate its value for the special case 
corresponding to the classical circular orbit. It may be easily seen* 
that for this special case 

T— — + a V s **• 

4Jr*WoZ<J* 4»r*WoZc 


•f (11) 
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pn substituting the above value of r in (9) we get 

on substituting this value of E,_o in the wave equation (4.1I, we find 

The solution of the above equation obtained in the usual way is 

X = K(r) Pz’"'(i 9 ) 

where the R - equation is 


r dr 


+ y1 + 2" + R = o 


(i 3 -i) 




in which 


• ^ = 8£JJLo(ji+ ^_%yB=-4!'Wc!/ \ . 

V ziiiqC^ j \ viqc^ j 

and (LSI (i 3 ’ 3 -' 

C= — /(/ t + -cx®Z‘'^ "Viy+i'i 

It should be noted that ; so the second terms in the values of 

A and D are the relativity corrections. In the value of C given ,in fra. 3), • 
the second term is tlic relativity correction while the third terra is the 
correction for spin. On proceeding as in the ordinary Kepler problem 
remembering that we have to take y in place.of / we find 


(i 3 ' 4 ) 


A 2L 


on transforming (13.1) we get 

1 + _L_ =|n. «!^^H ... (, 3 . 5 ) 

lUoC” I («r+T'+T) I 

in which the value of y may be easily calculated from (13.3) and we have 


on substituting the above" value of y in (13.5) and after approximations, 
remembering that the relativity and spin corrections are small, we get 


E= -Mr j 

on remembering that = Z{1 + 1) and using the value of (LS) for and 
jesi — i given in (7.4), we at once get the spimrelativity formula of 
Som«i!erfeld*Dirac given in (8). 


Z® . / n 


(liS) 

'n‘8''L*(/ + i 


... (14) 
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Third method method has been used by Condon and Shortly 

p. 1935)* The wave equation has been taken with only the 
relativity correction. The mean value of the spin -orbit interaction 
energy has been calculated as in the first method with the non- 
relativistic wave -function. Thus the method may be considered as a 
combination of the two methods already discussed. Accoidingly it is 
unnecessary to discuss it here in detail. 

IVave-funcHov for a sjnnning electron moving in Kepler-orbit. 

It has been found, in deducing the relativity and spin corrections of 
eigen energy that the wave function for the Kepler motion is not materially 
affected by these energy corrections- Therefore, to a first approximation the 
wave-function is given as in the non-relativistic case by Kq (10). 

There is, however, another effect of spin which cannot be neglected. 
Hven if we ignore for the moment the orbital motions, the spinning motions 
of the electrons remain. And we have an assembly of electron rotators. 
The wave-function for the rotators is given by 

m, 

X' A P {e>)e (15) 

111 t d’<p' X 

where .s = i, w, = — 

It should be noted that the spin coordinates <t>' in fis) are 
different from the orbital coordinates 0, <p in (10), the origin in the 
former case being the centre of the electron while that for the latter the 
nucleus. The orbital energy is only slightly affected by the spin-orbit 
interaction while the spin energy E, if practically unaltered by the orbital 
motion. Thus the two motions and so the corresponding wavef unctions are 
approximately independent of each other. Consequently, from the law of 
joint probability we have for the total wave-function 

= X X' (16) 

nlmim, nlm i ni, 

For a spinning electron moving in a Kepler orbit. It may be mentioned that 
the splitting of the electronic motion into two parts as above is somewhat 
similar to the case of resolution of a general motion into irrotational and 
lotational motions. 

Now, before passing on to other aspects of the problem we should note 
some of the special features of the wave function taken in (15) ; we have 
nasumed i-integral value for w,. Accordingly the wave-function is double 
valued, Even then the probability given by the product is 

jdagle valued as it should be from phyakal .o<nis«itM«tiosis. Thus th^ is 
soedjpotion *0 our taldng in , * ± i. On the other iuM, the fact tiwit the 

Jmeht Is i in iitetMioos wonilld <hat «he wwoe-ftwetton 

4 — ' ■ 
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c&nnot be one valued but should be double valued. Kroui this point of view it 
follows that the orbital wave-functiou (lo) Should be on the other hand single 
valued and mi should have different whole number values for different direc- 
tions given by the condition Again a direct consequence of our 

taking half -harmonic values for m, is that the Legendre functions in (is) 

should assume either of the forms and {^') as taken in problems 

on the scattering of spinning electrons. 


P R I N C 1 P Iv R OP E V A Iv U A T T N G THE INTENSITY OF / 
D O U B 1/ E T S P E C T R A 

The wave statistical value ol the charge density for the state i^ 
given by , ^ , 

_ n n h h 

pn = cxiX-2-e e 


Since the phase waves are stationary we may always drop the lime factor 
in any phase integral taken over the whole x>hase space. 

Thus, for example, 

j P«dr = cj x\’'Xi”dT = e 

For iiiw-transilion, the phase density and the corresponding electric moments are 


2 iriE ,» f 4TriEh'l, 
f ' /i /r 

I QXl -Vs 


-cc ‘ f qxiVdr ... ( 17 ) 

on dropping tlie time factor for reasons given above. 

2iriv]nnt ^ 

Or, Mmn = c.c j q\l"X2”dT ... ( 17 . i) 

which is the wave stati.stical value of the electric moment. 

Now, it has been prtJved by the electro-magnetic theory that the intensity 
of radiation emitted is proportional to Mmn, From (17. i) it follows that, 

Mm«“v^„M|n ••• (18) 

where it should be noted that Vm„ is practically constant for different doubleta»t. 
Therefore the doublet insensity is proportional to M^n. i'lf’ 

It Can be easily shown that Mmm=o and Mt,n = o showing that the elAomc 
charge, is symmetrially distributed from the wave-statistical point ojE.'^w, 
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at the stationary states. But for an allowed transition + o showing that 
the charge distribution is not symmetrical. Thus both at the initial and final 
states tfie distributions are symmetrical while during the transition it is 
asymmetrical. Consequently there would be a violent wave-statistical oscil- 
lation of the electric charges on transition thereby causing a radiation to be 
emitted or absorbed as the case may be. 

C A 1/ C U L A T 1 O N f) F THE RELATIVE INTENSITIES O F 

DOUBLE T S 

From the foregoing discussion it is evident that the problem of calcula- 
ting the relative intensities of doublets reduces itself to the problem of finding 
the corresponding transition moments. In calculating the transition moments 
we shall have to use of course the nou-relativistic wave function xAi.w* 
given in ii6). As, however, the wave function is(2Z + i)—and(2.t4’i) — 
fold degenerate with respect to in i and m, respectively, we must take the 
sum of all these transitions in order to get the total moment for a given 
doublet line. Now, in taking this sum, we should note that 1 and s are 
coupled and that because of the half harmonic value of s, in , = ± i in all 
directions. Consequently in ± J in the direction of nii. Thus although 
the orbital co-oidinates r, f are different from the spin co-ordinates B', f/>', 
m^nt I + would represent the total moment in case of spin. 

Again, it is evident that because for two values of i» ?, namely, 

mi — nil mid mi = iui + r, m will have the same value and will represent the 
same coupled state. Thus the wave function for this state determined by 
II, 1 , j, m may be written in the form 

^nli'm— (19) 

Therefore to evaluate the total moment one must use the wave functions 
^tti,m summed for all values of m between the limits +j to —j. Before 
jiroceeding to find the transition moment we have to determine the weight 
factors A. and B for a given coupled state, i-c,, for a given m. This may be 
done in the following way. From the averaging condition, vis., 

J" l)tt l I ^ 

we get, /12 + B® = i - ( 20 ) 

Now there will arise two cases according as j^l + i or We shall 

consider them separately. 

Caset: j-l + i. It is evident that for m=Z + i, mt may have values 
I or l + i. BecauK the maximum value of iu i ca.nnot exceed I, the second 
value 1 + ,i must be rejected. So in this case the ^cond wave-function in (19,1) 
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does not exist. And we have from the averaging condition (30) 

— i and so B^ — o ..4. (20,1) 

Similarly it may be shown that for m*= — (1 + i) the first function in (19.1) does 
not exist. Hence we have from (20) 

= i and so A^ = o ... (20.2) 

It also follows from the limiting conditions (20.1) and (20.2) that . 1 “ and il® 
are functions of m. 

We tentatively take them to be the’simplest linear functions. So wc write,, 

A^=^aim- 1 - b, 

= a^m + 62 

On adding the two equations in (zi) we have at once 

1 = (tti + a 2 )»)i + (bi + 1)2) t-'J 

Hence, 

a, + (i2 = o i 

V ... (21.2) 

hi+ ba=i ) 

On using the relations (21-2) and the limiting conditions (20. r) and (20.2! 
we find, 

/l* = i = a.(i + 5) + 6x ) 

\ (21.3) 

C* = i = aj(i + i) + 1 - b, ) 

On solving the two equations in (21.3) for a, and bi, we get 



Hence from (21) 


ai= , bx = i 

2/ + I ' 


A 


a ^ 1 + m + 4 
2I + X 


jj 3 _ l~~in + 
2/ + 1 


(21.4) 


(22) 


Case II : /=! — J. In^this case the maximum possible values of nt are ±(i — |). 
Hence for m= ±U + l) the wave function Xnjjm should vanish. However 
on looking back to (19.1) we find that the wave-function 
actually vanishes for in=l + ^, since in this case mi = l + 1. So B is unknown. 
The wave-function 1 , I on the other hand does not vanish since 

in this case mj = / for + Therefore, in order that may be zero, 
we must have, 


/l“o and so from (20) Jl— 1 
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Similatly it may be proved that for »i - (/ + i) wl- liuw, 

B— o and so fioni (ao) /J- j 
Thus corresponding to (21.3) we -have in this case 


yl* = o = a,(M- i)+J), 


= 0 = + 


hi ■) 

i-bj 


On solving we have corresponding to I21.it) 

«i= - -7^ , bi = i 
Sl + I 

With these values we have from (21) 

A’‘~ ] 

2l+r I 


jj2 — t nr "i 
2/ + 1 

It should be noted that the values of A and are interchanged in the 
two cases. Now the signs of A and B may bc + or-. It is, however, 
immaterial whether both are taken with + or — sign. So we are to find out 
whether both A and B will have the same or different signs. This question 
may be settled from the orthogonal property 


which gives 




Ai+i A i—i- + Bi+iBi—i = o 


^25.1/ 


Because from (2a) and (24) we have, 


/ll+J = B!-i 

Ai-i=Bt+i 

we at once find from (25.1) that if for Case I, the two terms in (19. i) are taker: 
with the same sign, then for Case II the two terms must have opposite sign or 
vice versa,. Thus we have for ? = 1 + i 


I I + W + I Y . J. I 

i®= ■'■’'’’’"'""'"■hi + \) 


Lr J' 4 X 




and for 


j i + i X 


/ I 4 " m "h i y 

~ v -^i-T *■'- 


With these wave functions for a given coupled state m for the two c:.ses 
/= / + 1 and y*= 1 — i, we next proceed to calculate the relative intensities for 
the doublet lines resulting from a transitido nl-^n'V. 
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Now because both the initial and final levels are doublets with j = and 
it follows that in general there will be altogetliei- four lines from 
the possible transitions. It is well known that unless the selection rule for 
I is satisfied, the transition moment /. c. tlie intensity must always vanish. 
So we have to consider transitions for which l'=l + i or l-i. In the 
following we consider the case for which — 

Thus the four transitions are, 


(i) = l + i = i 

(3) nlj = l + i n'i'j' = V —i 

(3) = l — i — > n'Vj' = l' + 1 

(4) nlj = 'i—i n 'I'j' =V — \ 

Because V = l — x, the changes of j, i.c. A/ in the 
respectively — i, - a,o and - 1. 


(' 

1 


four 


transitions 


are 


(i) The wave function for the initial state for a given m value is givenyby 
{ vide Eqs. (16) and (26)} 




-= » 1 1 ~t~ \ 

2/ + 1 




+ 


I W + 

2 l + f 


Xn^wi^nt+J J 


... (28) 


The wave function for the final state for a given in' value is obtained by putting 
simply dashed quantum numbers for the undashed in (28) and we have 


V Y _ + Y/ 


. y yi 

+ \ — ; 

> 21-I 


(29) 


Now because the wave functions in (28) and (29) depend on five co-ordinates, 
namely, y, 0 , 0 and 6 ', <j>', we shall have to take the generalised transition 
moments given by 

Mi,=cJ (y + 


M 




'dr 


(30) 


where etc. are taken parallel in order to avoid uuuessary complications. 
It is apparent that the generalised transition moment is the sum of the 
oibital transition moment and the spin transition moment. The .v - component 
of the latter* is, 



Relative Intensity of Doublet Spectra 




From (38) and (29) it is obvious that the above integral may be taken as- the 
sum of products of a number of orbital and spin integrals in which the spin 
integrals vanish either through 0' or 6 ' integration. Thus (30) reduces only 
to the orbital transition moment. Now, in calculating it with the help of 
the wave functions given in (28) and {39) we shall have altogether 
four terms, of which the cross terms will vanish through the spin integral (0'). 
For the remaining terms the spin integrals are obviously unity, It should be 
noted that the condition for non-vanishing of the spin-integral (0') is 

^tn',=o ... (31) 

This gives the selection rule for m,. 

Now, because m = mi and Anta=o, we must have always 

Am = Aw, ' ... (31. i) 

which means that the selection rules of m and nt/ are identical. Thus 
M, =JVf»=jto if Am= +i and if A«i = o. Here we have for M, and M, 

after 0-integration for the case Am— — i 


= = Rnl;n’l-^ j Pr-^Pi'LT”^* sin®«>de 


+ j P;'’+ip«L-* sin®Sd«' 

^ 0 

in which the averaging factors for y and 0 co-ordinates are included in the 
respective functions. On integrating with respect to 0 using the well known 
relation 


sin 0 p,-- . = - . .(L+ + 2) 

' (‘21 + 1) {2I + s) 

lU — nii) (l — mi — i) „wt + i 


= j (l-mi+i) {l-mi +2) 
^ (3/-I-1) (31 + 3) 


_ I (l-i-ttit) il + vti—i) 

We find after easy transformations, remembering that + 

2 { 2 l + l) 

Similarly it may be shown that for Am *= + 1 we have 

_ VO'-wXy— m-i)D 


... (33) 


(32.1) 
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Thus on squaring and adding (32) and (32.1 ) we have for 

2(2.’ +1;" 

Similarly we have for the Z — component after ^ integration 
M 


• (32.3) 


, = - -- Ji»i; j P sin (9 cos fi d 0 

^ 0 

+ ^ K., f p,’"-" p;:;* ™ » ■; « ... , (33: 

0 I 

On integrating with respect to 0 using the well known transformation formula 
— (,/+,) hi *3) *\ — '1-. 


cos I 


we get after easy transformations, reniemberiiig that j = / + J 

Af j —- jR»i7;n '/— 1 

2/4-1 

On squaring the components and adding, we get for a particular value 

+ j 2 

of tn. Thv^. total moment is obtained from the relation Af^ = S M Thus we 

- J « 


... (33.1) 


have from (32.2) and (33^1! 


M 


k/*=X 2jiL±^_i2i j) 




(34) 


giving the intensity of the line nlj=l + ^-^n'l'j'—l'+ i). Here A/= — i. 

fa) In this case the wave function for the initial state for a particular 
nt value is given by {28). The wave function for the final state for a particular 
m' value is, however, given by {vide Eqs. (16) and (27)} 

= Xn'I— 1,;'— I — ^ ^ i-X +i 


\ ‘2 / -7 




(35) 


On calculating the moments as Ijefore using the wave functions given in (28) 
and (35), we get 

M, = My = M,*o 


Thus it follows that for the transition n/j=l + (/'s=l-i) the 
resultant intensity vanishes. In other words the transition for which 
A/=s=- 2 is f<:H:]^idden. It should be noted that this sdeciion rule for / is a 
secondary, effect) being based on the fuadamental oelectiQn rules for /, m/ 
and m, asspicicted with the wave fund^bns. 
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(3) In this case the wave function for the initial stale for a particular ni 
ralue is given by (vide (1.6) and (37)) 

I l — m + A , I Z + H- A , , 

Xnii^i- i, ui \j -"p— +'2 \i — TT Xnrm,*m+'^*X 

The wave function for the final state for a given ?)?' value is given by (29). 

On calculating the tnonienls as before using the above wave functions, 
we find 

= R„Un-j-i ... (37) 

... {38) 

Hence we get for the total moment after summing for ni between +y and-/ 


= 


41'^ 


2l 

a_ 


R''Ki-,,x 


7-1 


(39) 


giving the intemsity of the Mnc nJj — I — ^ (l'~ I — i). 


In Ihio ca.se ^j = o. 

The wave functions for Uie initial and final states are already given 
in (36) and (35) respectively. On calculating the moments as before using 
the above wave functions, we fuid 


M 


2= A/ 2 

P U 


i(j-i) +_m^ 1.3 
'2(2/- 1 


nlin'l-^ f 


and 




{2I-1) 


2 

3 




Hence wc have for the total moment 


(40) 

(41) 




-ij (2/ 


1) 


A’2 


ill ; n'l -i 


(42) 


giving the inten-sity of the line ??//=/ — — I (Z'=Z — i). 

In this case Ay= — /. 

In (34), (39) and (42) we have obtained general expx-essions for the 
intensities of the three lines resulting from the transition Their 

relative intensities arc evidently given by 


(Z + r) (2/-1) : I : (Z“i) (2Z + 1) ... {43) 

being independent of n and n'. 


Special Cases 

Before concluding we shall consider a few interesting special cases. Let 
us first consider the case of a simple doublet *P — ®S. In this case b = i. So 
from (43) the relative intensities are given by 

2:1:0 .... (43.1) 

S— 
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Showing that here we have only two lines, viz., ^S^-^^Ps/jand 

Next we consider the case of the compound doublet ®D - ®P. In this case 

1 = 3. So from (43) the relative intensities are given by, 

®Ds/ 2“->®P!)/2 : ®D8/2~>®P8/2 : ^Dn/2“>®P^ = 9 • l ! 5 (43-2) 

Similarly it may be shown that for the compound doublet ®F - ®D, the relative 
intensities of the three lines are given by (1 = 3) 

20 : 1 ; 14 (43.3) 

^ The ratios thus obtained are in perfect agreement with those obtained 
from the application of Burger and Dorgelo’s empirical rule. 
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ULTRAVIOLET BANDS OF THE ZINC IODIDE 
MOLECULE. PART III 

By C, RAMASASTRY 

[Keceived for publication, Aug. sj, ig^S) 

Plate II 

ABSTBACT. A new group of bands (designated as system D i) of the zinc iodide 
molecule, lying in the region AzQgo-xayoo, is recorded and analysed, isotopic component 
heads due to Zn^ Zn*® and Zii*® are well resolved and appear coiispicnouslj'. 
The vibrational numbering of the various bands is derived from considerations of the 
observed isotope shifts. The constants calculated for the system are : 

«/=8o.o a;, 'w. '=1.25 

>',=39911.4 a>, " = 220.1 a:,"ai,"=o.825 

Predissociation is observed in the upper state at the vibrational level u'=2. 

Six characteristic continua, observed in the emission spectrum of Znl, are also reported 
for the first time. 

A discussion is presented giving a correlation of the electronic configuration and 
molecular states of the zinc iodide molecule with the observed baud systems. 


INTRODUCTION 

111 a recent coninnmication, the author (Raniasastry 1948) described the vibra- 
tional structure of a band system of zinc iodide, designated as system E, lyin^ 
in the region A.2450 to A2250. Mention was also made of another system, 
designated as Di, extending from A2715 to A2990, which appeared to have the 
same general characteristic features as the system E, such as the zinc isotopic 
heads and predissociaton . The elucidation of the vibrational analysis of this 
new system and a general consideration of the electronic transitions of the 
zinc iodide molecule form the subject of this paper. 

This new system Di is photographed under the same experimental 
conditions as that employed for obtaining system E and are described fully 
in the earlier contribution. The general continuum, which obliterated the 
essential band systems themselves, was the main source of difficulty in 
photographing the bands. This was reduced to a minimum in order to secure 
the maximum contrast for the band heads, by adjusting the conditions 
such as the slit width, exposure time, etc., to an optimum value. 

As the existence of this system was not even meationed by any of the 
previous investigators, care was taken to get additional evidence from the 
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experimental view point before ascribing it to the zinc iodide molecule. 
The spectrum was excited using three different samples of zinc iodide 
reported to be of high degree of purity and obtained from (i) Burgoyne 
Burbridges & Co., (2) British Drug Houses, and (3) prepared by the author 
from pure a. r. chemicals. Identical spectra were obtained in all cases. 
Comparison was also made with other known band systems. The conclusion 
that the emitter of this system must be zinc iodide molecule was finally 
confirmed by the study of the vibrational structure of the system. 


A N A. 1/ Y S 1 S 

The more refrangible end of the band system (below A.2815) consists 
of a number of distiJict and isolate groups, each group comprising of three 
bauds. But cojisiderable overlapping occurs only in the region above A2815. 
The three bands in each group are of successively decreasing intensity, the 
more refrangible head being the weakest (Plate II), 'J'hcsc groups give at 
first the impression of clear sequences but both the intensity distribution 
and the variation of wave-number intervals between the bands do not support 
this point of view ; if they arc to be considered as sequences the sequence 
degradation will have to be in a direction opposite to that of the individual 
bands in the system. Nor can the three heads hi each group be regarded as 
components of a triplet state, for the molecule of zinc iodide gives rise to 
electronic states of even multiplicity. The only possibility of interpretation 
is to ascribe the three components to the isotopic molecules Zn""'!'*', Zn'"!’*', 
Zn""!*"'. 


When the most intense bands, taken one from each of these successive 
groups, are arranged in a row, the wave-number intervals show a regular 
diminution as we pass from the short to the long wavelength end of the 
system. They are hence considered as mcinbeis of a progression of the 
lower state of the molecule. But the order of magnitude of the interval, equal 
to 193 cm“’. ;. f. of AG" (v'O is too .small compared to the ground state 

frequency of 224.5 cm”*, of the zinc iodide molecule, as determined from 
previouslj^ published analysis of the other characteristic band systems of the 
zinc iodide molecule (Ramasastry, 1948). In spite of this, it is considered 
that the lower state of this system is the ground state itself and that ver^ 
large v" values are assignable to tl*e bands, as this Avould be in keeping with 
the large magnitude of the isotopic shifts (about 30 cm“*. for Zn"® I’*') 
observed in these groups. 

A second progression could be started wdth the band at A2;87. 2 as its 
first member and extended towards longer w'avelengths. A third progression 
commenced at A2824.5 and could l>e similarly extended. The vibrational 
scheme is shown m Table I. 
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The constants of the upper state are ca/=!8o.o and a,' = 
Predissociation is evident at v"=a2, asuo bands are observed with higher 
values of v' . 

Some difficulty was experienced regarding the v" numbering of the band 
heads ; the following procedure is adopted for arriving at these values- The 
vibrational constants for the lowei' state of this system are taken as = 224.5 
and Xe"u>/=o.875, which represent the mean values of the constants of the 
common lower state of the C' and M systems of 2 ul. A tentative and 
approximate value of v" is to be assigned to the first band at v" = 36736. 3 in 
order to give the difference of 193.1 and obtained as 

a 34 . 5 - 193 -1^18 

1.75 

I. e. values of v" of the order of 18 must be assigned to the bands of this system. 
The final n" numbering is derived with the help of tlie isotopic displacements. 
The isotopic shifts are calculated for the bands with various (i , v^) values 
using the above quoted constants and tlie appropriate mass factors given 
below : 

for Zn*'’!*” (^- r)= -o.oi and p^-i= -0.02 

for Zn‘*T“' 0.02 and -0.04 

It is noticed that the agreement between the oliserved and calculated shifts 
is close if the quantum number 15 is a.ssigned for the v" value of the band 
at v = 36736.3. Table I gives the vibrational numbering that is finally 
adopted and Table II shows the observed and calculated isota])ic disi)lacc- 
merits. 


CALCULATION OF Ve 

The value of v, calculated from the first six bauds (0,15) to (0,20) of the 
(o,v") progression u.sing the comstanls vi/ -224.5, = 0,875, ii)/=8o 

and .V =1.25 docs not give a constant; the disagreement between the 
different values is not sporadic but a systematic increase of about •4.4 cm.“* 
for an increa.se in the v" number by unity is found. This variation can be 
corrected only by reducing the value by 4.4 units. With this change 
in 0)/' (i,e. from 224.5 to 230.1) and the remaining constants as given above, 
V, is obtained as 39911.4 from the six bands rvhich alone could be claimed 
to have been measured accurately. It should be noted that this determina- 
tion of Ve involves a large extrapolation. 

If u>e" = 220.i is adopted, the estimated isotope shifts would be changed 
but the magnitude of this change is not found to be hi.gh. It is approxi- 
mately 0.6 cm."' for the (0,20) band, which are well within observational 
errors. Hence the vibrational numbering of the bands needs no alteration. 

The following formula : — 

V= 39911.4 + (So.om'- I.25«'‘) - (220.1M"-0.87Slt"') 
represents correctly only the bands betueeu — and — 20. 
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Tabi,e I 

Vibrational Scheme of Znl bands - System Di 


\ 

v" ^ V 

\ 

0 

I 

2 

AG'Uv") 

15 

36736.3 

193 - 1 





193 ^ 

16 

36543.2 

190.8 





190.8 

17 

36352.4 

189.5 





189.5 

18 

36162.9 

188.2 





188.2 

19 

35974.7 

186.7 





186.7 

20 

35788.0 

181.2 

79 

35867 

181 

1 


I81.T 

21 

35606.8 

180.8 

79 

35686 

181 



180.9 

22 

35426 

i8i 

79 

35505 



i8r,o 

23 

3524s 

172 1 


-- 


35395 

170 

171.0 

! # 

24 

35^^73 

73 

3.5146 

166 

79 

35225 

166.0 

25 



34980 

173 


•— 

173.0 

26 



34807 

163 

78 

34885 

160 

161. 5 

27 

1 


34644 

167 

81 

34725 

170 

168.5 

28 

1 


34477 

1 162 

78 

34555 

160 

161.0 

29 



3431. “5 

159 

80 

34395 

T63 

161.0 

30 



34156 

153 

76 

34232 

155 

154.0 

31 



34003 

144 

74 

34077 

147 

145.5 

32 



33859 
• 147 

71 

33930 

143 

1450 

33 



33712 

131 

75 

33787 

142 

136.5 

34 



33581 

135 

64 

33645 

134 

134.5 

35 



33446 

65 

335 n 


AO'W 


77^5 


75 
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Tabi,b II 

Isotope shifts for Zn** I*®’' and Zn** iv.r.t. Zn** I’®' 
All !4hifls are positive 
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A suitable formula for the remaining' bauds is not feasible as the discrepan- 
cies in the Afi " ir") values may be either inherent or arise partly from errors 
in micrometer settings. A single formula for the entire band system could 
not obviously be obtained. This is considered as a peculiarity of the system 
due to a variation in the ground state freciuency o)/' giving rise to irregulari- 
ties in the spacing of the vibrational levels of the ground state. Discon- 
tinuities of this kind occur between v" — 2 Z and v'' = 2^ and also at some 
point or points between 7>" = 24 and t’" = 35. The first of these at least is 
considered definite. 

A complete catah)gue of the band head measurements as well as the 
vibrational and isotopic assignments are given in Table III. The \vavclength 
values are the niean of three measurements made on two different medium 
quartz si)ectrograms. The bauds were also photograi>hed on the Hilger 
Littrow quartz instrument but no measurements were possible because of the 
superposition of OH band at aSiiAandthe overlying general continuum 
which became prominent due to the long exposure time of about four hours. 

KIvKCTRON C O N pi G Tf R at I O N and MObP'CUDAR 

S T A T K S O V ZiiJ 

In this .section, the nature of the electron stales involved in the emission 
of the band spectrum of the zinc iodide molecule is discussed. The entire emis- 
sion spectrum campuses of the following discrete band systems anfl 
contintia : — 

1. The long wave-length end coimnences with a continuum at about 
A -6100, which rises to a peak intensity at about A 6000 and gradually fades off 
towards shorter wave-lengths. 

2. The visible bands (system B) occur in the region A6coo to A3500. 
These are observable both in H. F. emission and fluoroscence. Due to 
overlapping, the system is partly masked by the continuum referred to above. 

3. Another continuum extends from A 3425 to A 3390. 

4. The Wieland system (system C) extends from A3392.6 to A32S7.8. 
The continuum mentioned in (3) lies just at the red end of this system. The 
(o, o) band of this system is distinctly observed to be consisting of two com- 
ponent heads. 

5. The brief system (system D) reported by P. Tiriivenganna Rao and 

K. R. Rao (1946) consisting of about five pairs of diffuse bands between A3277.7- 
and A3193.5. ^ 

6. A continuum between A3055 to A3040. 

7. At the violet end of this continuum, referred to in (6) occurs the 
system D 1 discussed in this paper extending from A2989 to A37I5.2. The 
vibrational levels above v'~ 2 arc absent. 

8. Somewhat narrow continua are ob.served w’ith their intensity maxima 
at about A3125, A3105 and A29yo. The first two are superposed on the OH 
band and the third on the system Di. 
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Tabi,e hi 

Bands of the Zinc Iodide molecule, System >1)^ 


Wave-length 


3715-24 

3721.30 

2727-24 

2730.30 
2733-30 
2735.08 

2744-82 
2747 41 

2750.04 

2758-87 

2761.73 

2764.45 

2768,41 

2773 53 
2776.27 
2778 91 

2781.15 

2783.96 

2787.29 


2790.53 

2793-41 

2795.4 

2798.4 

2801.4 


2804.6 

2807.6 

' 2815.7 


2517.4 
2821.9 

2834.5 

2826.6 

2829.6 
2836.5 

2838.1 

2840.4 

2844.4 


Jnt. 

Wave-number 

Aw.^ignment 
(zi\ v^jZn Lsotopt 

iD 

36818.3 



I 

36736.3 

(0,15) 6^ 

2 

36656.3 



2 

36615.2 

68 

60 

2 

36575-0 

J 

36.543.2 

(‘>,16) 64J 

j 

36431.5 

68 

2 

36387.3 

66 

3 

36352.4 

64 

r 

36236.0 

68 

2 

36198.5 

66 

4 

36162.9 

(0,18) 64 

1 

36111.2 

— 

1: 

36044.5 

68 

2 

36008.9 

66 

3 

35974-7 

(c,iy) 64 

I 

35945-8 

68 


35909.4 

66 

2 

35866.5 

(i»2o) 64 
and (0,20) 68 

I 1 

35825.0 

66 


3578S.0 

(0,20) 64 

2 

35763 

68 

X 

35724 

66 


356S6 

(1,21) 64 
and (b,2i) 68 

2 

55645 

66 

3 

35607 

(o,2l) 64 

4 

35505 

(1.22) 64 
and (0,22) 68 

4 

3.5483 

(2,23) 68 

5 

35426 

(0,22) 64 

id 

35395 

(2,23) 64 

2d 

35368 

— — - 

1 

35330 


2 

3524s 

(0,23) 64 

I 

35225 

(2.24) 64 

X 

35196 


2 

35146 

(1,24) 64 
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Taulb III {contd-) 


Wavelength 

lot. 

Wavenumber 

Assij^^nment 
iv \ v '') Zii Isotope 

3847.9 

1 

35^«3 


2S,(.o.3 

3 

.35073 

(0,24) 64 

2854.5 

1 

35022 

66 

2857-'J 

3 

;149 Ro 

1 

(1,25) 64 

3865,7 


34885 

(2.26) 64 

2868.3 

2 

34-854 

66 

2872.2 

4 

34807 

(1.26) 64 

2873.7 

2 

34788 

— 

2875.4 

1 

34768 

66 

2878.9 

3 

34725 

(2,37) 64 

2885.7 

2 

34644 

(1,37) 64 

2887.6 

1 

34621 



2893.1 

3 

34555 

<2,28; 64 

2895.7 

2 

31525 

66 

2899,4 

2 D 

34477 

(1,28) 64 

2902.9 

2 D 

34139 

00 

2906,3 

3 

34395 

(2,29) * 

2909.2 

1 

,34364 

66 

2911.8 

I 

34335 1 

— — 

*913.3 

2 

.34315 

(1,29) 64 

2916.1 

2 

34283 

hf , 

2920.4 

iD 

34232 

(2,30) 6.) 

2926.9 

3 

34156 

(1,30) 64 

2933.7 

3 

34077 

(2,31) 64 

893.5.8 

2 

34052 

6(j 

2940.1 

1 

34003 

(1,31) 64 

2942 4 

2 

33976 

66 

2946.4 

A 

3.3930 

(2,. 32) 64 

2948,9 

l 

3,3901 

» (2,33) 68 

2952.6 

A 

33859 

(1,32) 64 

2953-9 

i 

33844 

(2,33) 65 

29 8.8 

2 

33787 

(2,33) 6.) 

2961.4 

2 

33759 

65 

2963.3 

2 • 

33736 

— 

2965.4 

3 

33712 

(1,33) 64 

2967.8 

2 

33685 



«97l-4 

A 

3.364 s 

(2,34) 64 

^977*0 

3 

33581 

(1,34) 64 

2983*^ 

5 i 

33511 

(2,35) 64 

2989.0 

6 j 

33446 

(1,35) 64 
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ultraviolet Bands of Zinc Iodide Molecule 


9t The system Zil, fiom A2450 to A.22S0, was analysed by the author pre- 
\'iously4 There is au iinpression of a general continuum overlapping the less 
refrangible bands of this system and the bands corresponding to v' quantum 
numbers higher than 2 are diffuse. 

If the molecule Zn I is formed from zinc and iodine atoms both taken in 
their normal states, the possible electronic stales are and (Mulliken, 1932) 

452^vSi»(Zn) + 5A'^5/j^®P„(I) ■— > and *:r(ZnI) 

As the lowest electronic states of a molecule are usually those that dissociate 
into normal atoms, these ^2^ and states may be considered to be the low 
levels of the Znl molecule. Taking the electronic configuration of the normal 
zinc iodide molecule as 


-^KLM KLMN {z(r)^iY<r)^iW 7 TyHx<r) \ 


or briefly, 


2V + 


Ave obtain ^ 2 *^ as the normal state of the molecule, This may be identified 
with the ®2^ state derived by combining a normal zinc atom with a normal 
iodine atom. The second state resulting from the same normal atoms may 
correspond to the electronic configuration 


211^ 


of the molecule. This inverted '^tt will also be one of the low lying states and 
it may be expected to be nearer to ’^2’^ (with the same dissociation products, 
/.c., the normal atoms of zinc and iodine) than any other electronic state of the 
molecule. The first band system may be expected to be due to the transition 

' cr’^cr^Tr^or^ 


No such system seems to have been observed as yet in this or any other 
similar halide molecules. It may be that the energy of the transition is low 
and the corresponding bands appear only in the infra-red, for, successive 
electron orbits of a molecule, as in the case of an atom, become closer together 
as the molecule gets heavier and in Znl the two states may be very near each 
other. Or, our failure to detect the bands of the above transition may be due 
to the fact that the is a repulsive state. The latter is more probable as 
it is in agreement with the general observation that the potential energy 
curves of about half or more than half of the molecular states derived from 
two atoms in specified stales are either repulsive or form shallow minima at 
very large iuternuclear distance (Mulliken, ' 1932). F'urther, if most of the 
binding strength is attributed to the group of electrons, the change of 
electron configuration from to 71^0*2 niay have made the molecule unstable 
the potential energy curve repulsive. Hence the electronic state 

o-^rr'^TT’V®, 211 j 

Jnay be a repulsive one, lying close to and having the same dissociation pro- 
ducts as the state V, 23^, the normal slate of the Znl molecule. On 

this view, it is expected that every transition into the lowest ground stat^ 
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might be accompanied also by the transition into the repulsive 
state, whereas the former gives rise to discrete bands, the latter (if the selec- 
tion rules peiiuit) gives a continuum at or in the proximity of the long 
wavelength end of the discrete bands. This continuum may be well defiiied 
having a peak intensity or may spread over a certain wavelength region 
depending on the type of the P. K. curve of the state. Observation of 
the band spectra has actually shown the existence of such continua ; the 
eini.ssion continua mentioned in (r), ( 3 ), ( 6 ) and ( 9 ) above may have this 
repulsive “lit level as their final states. 

System B lies in the least refrangible end of the band spectrum of Zul 
(as is the case in the other halides) and consists of red degraded bands. The 
analysis of these bands is far from complete, except in the case of HgCl for 
which Wieland ( 19 ^ 1 ) has obtained the vibrational constants in which to'„ is 
less than u)",. The appearance of these bands in the case of all the molecules 
indicates a similarity of transition. As the bauds arc not double-headed, the 
transition may, in all probability, be ^2* The electron configuration, 
gives rise to *2* state which will also.be one of low energy. The upper 
state of the visible bands may hence be identified with this “2*. Change of an 
electron from an inner o- to an outer a orbit is consistent, as was shown by 
Howell ( 1942 ) in the HgCl bands, with the expected diminution in the vibi'a 
tional frequency of a red-degraded l)aud system. This *2 'and other excited 
states of the molecule should be those derived from the xinc and iodine atoms 
with one or the other or both of them in their excited atomic states- If the 
iodine atom is taken in the excited condition the energy will be too high to 
account for the low of the known Znl band systems in the near ultra-violet. 
On the other hand, the v.iuc atom in its first excited state and normal iodine 
will give rise to six doublet and six quartet molecular states thus 

4s4^''’Pu(Zu) + S5“5/’''’'P»(I)->5'(2), 2", n-( 2 ) and A. 

Not all these states can give rise to discrete band systems. The doublet levels 
alone may be considered as the transition probabilities from quartet states to 
the “2^ ground state arc small. The levels ®2“ and are not expected to 
combine with tlie ground level (selection rules). Of the remaining four levels, 
two can perhaps be definitely identified as follows. One of the two 2* levels 
may correspond to the upper slate of the visible bands discussed in the above 
paragraph. The molecule in this state should therefore dissociate into '’PfZn) 
and *P(I). Verification is possible only after an analysis of these bands is 
obtained. 

The upper levels of the systems C and D are interpreted as components of a 

state and the systems themselves occur in the vicinity of the resonance 
line 'fe — ’Pofzinc. This state may well be one of the expected ‘II states 
referred to above and can be represented thus in terms of the electronic 
configuration, 


erV^n-V’w, *11, 
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the products of dissociation being ^P(Zn) and “P(I). The two remaining states 
“S* and '*11 are prabably repulsive and may account for the emission continua 
at A313S and ^3105. 

Before assigning electron configurations to the upper states of these 
continua, the nature of the electron orbits of the configuration, cr‘‘i7-*7rV as 
regards their bonding, anti-bonding and non-bonding capacity will be discussed. 
By comparison of the ground state frequencies of beryllium oxide (12 elec- 
trons) and beryllium fluoride (13 electrons) and their electron configuravions, 

BeO KK<r“«r®7r^, ‘5 ground slate («>„"= i487cm~*.) 

BeF KK<rWo-,*5i ground state (<«•«"= I266cin“*.) 

Howell (r943) pointed out that the addition of an electron to BeO to form BeF 
results in a reduction in m,. value, thereby indicating that the added electron 
has a definite anti-bonding tendency. A similar comparison is made in the 
table below in the case of the halides of Cn, and GaZn in which each halide 
of a metal has one electron more than the corresponding halide of the' 
preceding metal. 

Ground state u>, values 


Metal 

Suggested electron eonfigii- 
ratiori of the halides 

Fluoiride 

Chloride 

Bromide 

Iodide 

Copper 

crV^;r\ 

650.59 

417.02 


365.13 

Zinc 

or^cr^jrV, 

^ 620 

390. s ^ 

- 312* 

224-5 

Gallium 


— 

365-0 

263.0 

216.4 


The u>, values in each column show a decrease from copper to gallium. 
This indicates, in the light of the suggested electron configurations, that 
both the outer electrons have got a slight anti-bonding eflect, in agreement 
with Howell’s inference from the considerations of BeO and BeF. But the 
smallness of the magnitude of diininu'tiou of we with the addition of each 
electron in this case shows that for the heavier diatomic molecules, the ground 
stale frequency is mostly determined by the heaviness (resultant mass) of the 
molecule and relatively insensitive to changes in electron configuration, as was 
pointed out by Howell (194.3)'. 

Again from considerations of vibrational frequencies of normal and excited 
stales of BeO alone, 

2 2 i IV 

(r''(r^ 7 r\ 

c.r^(r"7r^cr, 

o'VttV, 

n .*1 *> 1 

(T trjr V , n 

Howell (1943) bas shown that most of the molecular binding is due to ihe rr'* 
group, and the removal of an electron from this group reduces the vibrational 
frequency bonsiderably. As was pointed out earlier in this paper, 

“H,, of Znl was considered as a repulsive state giving rise to' emission 
* from authw'K unpublished results. 


= 1487, 

= 1138 


> 


359 


= 3006 


I37K 

>365 
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contiaua on the long wave-length side of the origins of the various systems 
of discrete bands, i.c. while the presence of an incomplete n shell in the 
electron configuration has only resulted in a large reduction of w* value in the 
case of BeO, it has given rise to a repulsive molecular state with its P.E. 
curve showing only a tendency to form an unpronouiiced minimum in the 
case of the comparatively heavier molecule Znl. It may therefore be expected 
that the excited states of the continua of Znl at •^3125, A,3io5 and A2990 should 
have an incomplete n shell (or group) in their configurations. 

All the nine molecular states 


-25- =-' 2 -, *A, and -A 


arising from the electron configuration, (rV^Tr^im- may be taken as repulsive, 
if we attribute all the binding strength in the molecule to the tt** group of 
electrons : the last n is definitely a very slightly bonding or atomic orbital 
as it is due to 'PfZn) atom (01,.' slightly greater than w,''' for C system) and 
the (T is known to be slightly anti-bonding from a comjiarison of the ground 
state vibrational frequencies and electron configurations of the iodides of 
Cu, Zn and Ga. Also, from the considerations of the energies of the transi- 
tions, all these repulsive states should lie slightly to the violet side of the 
origin (A3319.4I of the C system. Gf these only the two *2*^ states are expect- 
ed to give rise to continua by transition to the '*2*^ ground state of the molecole. 

The systems Di and F. may next be considered. Unlike the other 
systems, these two show strong predissociatiou. There is experimental 
evidence then of four inoreenergy levels of the molecule which aie yet to be 
identified — the upper states of f?, and E and the predissociating levels. 
Normal zinc (’S state) and iodine in the '*P state give rise only to two 
molecular states 

4^“ ’.V (Zn) + 6s ‘P (I) -> * 2 , ‘2 (Znl) 

while excited zinc in the ’P state and normal iodine ('‘P state) yield six 
molecular levels, thus 

‘Pu(Za)+^Pu(I).>'^ 2 ^(Z), == 2 - V(Z) and *A(Znl) 

of which, as in the case of ®Pu (Zn) -t-T^ud), only four levels need be taken. 
From the values of the baud systems in this aud other halides, it would 
seem that the levels "2 ' and “11 of the latter combination correspond to die 
upper states of the 7 ), and K systems respectively of Zul. There would then 
be correspondence between these on the one hand ^derived from the ^P state 
of Zn) and the upper slates of systems B and systems C and D on the other, 
derived from 'P state of Zn- The proximity of the E sysfein to the 'P- 'S line 
of Zn and the occurrence of the /I, system to the long wavelength side of the E 
system are consistent with this view. It must, however, be pointed out that 
the expected second component of system H has not been found and that there 
is not much evidence for considering the system E as due to a transition 
“ 11 -“ 2 . 
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The electron configurations of the upper states of the different systems 
may be given as below. 

> System B 

o-V*>r^{x<r)'’ {vn)\ *n-r — > Systems C and D 
a-cr\*(x(ryhn)''{w)\ — > System P, 

crVV’(xtr)'’(Dff)'’(uo-)"(/?r)', System £ 

Such an assignment is consistent with the changes in the vibrational frequen- 
cies of the upper states of the systems relative to that of the ground state as 
can be seen from Table IV. Unlike the (rr) orbit, which is slightly bonding in 
Znl and slightly antibouding in ZnCl and ZnF, the {in) orbit is highly anti- 
bonding, and (ucr) still more anti-bonding than (xo-). 

Identification of the levels giving rise to predissociation in systems Pi and 
E is difficult. They may be the two unassigned levels derived from ’PlZn) 
and ®P(I). Such an assumption does not violate Kronig s selection rules with 

respect to such states. 

In conclusion, a diagramatic representation of the different energy states 
and the suggested electron configurations is given in Fig. i and the constants 
associated with them are collected in Table IV. 



Fig* j 
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ON THE GEIGER-NUTTALL RELATIONSHIP* 

By SUKUMAR BISWAS 

iUcccivcil for pnhUcaiiont Nov. 1Q4S) 

ABBTBAOT, It is shown in the present work that the Geiger-Nultall relationship is 
more satisfactory and refined when the log k, E curve is plotted for isotopes having the 
same atomic number Z. From the theoretical study of a-eraission it has been shown that 
only points, referring to nuclei having the same atomic number, fall on a continuous curve. 
Even in this case there appears to be some deviation of the actual curve from the theoretical 
one on both ends (for nuclei having shortest and longest lives). The cxiierimental data 
of all o-nctivc nuclei have been systematically studied and the modified Gciger-Nuttall 
curves have been drawn for all elements from Bi to Fu. The a and stability considera- 
tions ate used to predict the probable o or /8 activities as yet unknown. Some of the nuclei 
suspected of weak o-activily are UXi®34, MsTbP*® and UY«i. 

INTRODUCTION 

The Geiger-Nuttall relation, log X—a + bE, whicli was first obtained from 
empirical data has played a very fundamental part in the understanding of 
nuclear phenomena. It was the basis of Gamow’s famous work on the escape 
of oi-particle through potential barriers. 

The latest position of this famous relation is given in Gamow’s 
" Slructure of Atomic Nuclei," p. 86. As given there, the (log A, E) curve for 
three radioactive series is not a continuous one but it is shown to consist of 
three distinct ones corresponding to the U, AcU and Th series. Even the 
curve for a single series, e.g., for Ac is not continuous. When these curves 
were compiled the half-lives and energies of some of the products parti- 
cularly the extremely short-lived and extremely long-lived ones were not very 
accurately known. But recently much more data on these points have been 
obtained and the series have been prolonged and it appears advisable to re- 
examine the whole question. The present work has been undertaken with 
the point in view. 

Recently Berthellot (1942) suggested that the points on the Geiger-Nuttall 
diagram (log A, E curve) fall on a continuous line if the data belong 
to nuclei having the same charge number Z. This has been verified by 
. Broda and Feather (1947) in case of Po and led to the interesting discovery 
that RaE,. well-known for its ^?activity is also Slightly «-active, The ratio of 
^-activity to^ ^-activity is found as '-'10“’^ to I, 

* Communicated by Prof. M. N. Saha. 
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THEORKTICAIv background 

The object of the present work is to examine critically whether the 
Geiger-Nurtall curve, log A against E, is a smooth one only when a-active 
isotopes of the same atomic number are plotted. Let us now interpret the 
above assumption of constancy of atomic number Z, in Geiger -Nuttall law 
from theoretical point of view. 

The phenomenon of spontaneous a-radioactivity was first explained by 
Gamow (1929) and Condon and Gurney (1929) who c^culated the tians- 
niission factor of the potential barrier by the application of wave-mechanical 
method. Since then a large number of investigators have attacked this 
irroblein assuming different types of potential field in the nucleus. . These 
results differ in the method of attack and the degree of accuracy of the results, 
but the main term in the transmission factor is the same as given by Gamow. 

The disintegration constant A is calculated from the transparency of the 
potential barrier either by the semi-classical argument by Laue (1929) or by 
the assumption of complex eigen values as is done by Gamow (1937). The 
form of the potential barrier is assumed to be an inverse square field up to a 
distance to and a rectangular hole of potential U for distance less than to ■ 

The transparency factor, calculated by Saha (1944) and Laue’s semi-classical 

* 

arguments yield the relation : 


where 


ro 


7) = velocity of the a-particle 

ro = radius of the nucleus /. -2- 

i6ne'^{Z — 2) f ‘ - 

2N ' iMo — sin Ho cos Mo 


(i) 


Uo = cos“’ 


4c^(Z-2) 




Using the complex eigen function method, the following relations are 
obtained between A and E, for / = o (Preston, 1947) 


A = 


-tan Mo tan (fnkfo) 

"(L ^,-2* 
ro ^® + tan^Mo 



where )« = (i - fe = 

h 

Tt can be easily seen that if we have f 7 = o, /i = i, the equation (.3) reduces to 

A = — sin 2 Mo f'~®*’ 

»'o 


• « t 


(4) 
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This expression has been used by Sexl (1933). Thus three expressions- 
for A are available. 


»'o 

A= ?’■ sin 
»•(» 

X „ 2V /i®tan Mo „-2 i 

^ 1 S’—— 0 

ro /x’’ + tan“Mo 

Tlic factors sin 3 Mo» of the order of unity. The value of A 

/i’* + tan“Mo 

changes so rapidly with small adjustments in the value of the constant rn 
in that the multiplying factor is not of much consequence. 

In these calculations the effect of relative motion of the Z — 2 nucleus is 

to be taken into account. So we are to use total energy E — E^ I 1+ 1, 

\ / 

relative velocity of (X-particie v~Va I 1+ ] and reduced mass ■ 

\ VI f I ma + m, 

in plate of E^a, Va and nia respectively. 

Using the first formula, (i), 

logioA=log|o'D-logioro- ■4343'y[«o-sm Mo cosMo] (s) 


where 


hv 


log 7—9" 2476 I- log — log v 


Mo cos 



27*(Z- 2)/ro j 


2 log CO.S «o — 6.8549 - ,4343 * + log To + 2 log V - log(Z — 2) 

11 % f 

From relation (5), we see that log A depends not only on the velocity of 
the ejected o(-particle but also on the atomic number (Z — 2) and the nuclear 
radius ro. So in general case it can not be represehted in a twb dimensional 
graph. The curve, log A against li, is approximately valid if (Z— a) is kept 
constant since the variation of ro is small from one isotope to other ones. 
The nuclear radius ro may be assumed to vary as the cube root of mass 
number of fhe nucleus. 

The ’reason why Geiger-Nuttall could get a more or less smooth curve' 
by plotting log A against B, is, as pointed out by Gafnow (i 937 » P- J04), due 
to the fact that variation of Z, B and ro in a radioactive series is practically 
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.„ono.<m,e .» we eo dowe tie series. ABOmelies occur ta lie or^iuel Gefeer- 

Nuttall curve where tin's reg-ukrily breaks down. Ihus the Geiger-NuttaJI 
curves with constaut Z, will be more refined and less susceptible to anomalies. 


The validity of the theoretic.a] relation could be examined if the theore- 
tical curve of log against E for constant Z, could be drawn and compared 
with the experimentally observed ones. But unfortunately this cannot be 
directly done since the above relation contains three variables A, E and tq, 
of which A and E are known experimentally. The other terms, the nuclear 
radius tq cannot be determined as yet from any other independent observa- 
tion. Hence what is done in this case for verifications is to see whether the 
values of to calculated from the theoretical relation with the help of experi- 
mentally observed values of A and E, are consistent for different nuclei. 
As it has been shown by different investigators, (Gamow 1937, Preston 1946, 
r947) that the value of ro more or less consistent excepting for the actinium 
series. For other nuclei ro nearly follow's the relation ro = A’ .I-’ obtained 
from liquid drop model. No satisfactory explanation is at present available 
for the abnormally low values of for ThC — >-ThC", RaC — >-RaC" and 
AcC— >-AcC". 


As the experimental curves are plotted as log A against E (in MeV) let 
us transform the equa'^iou (s) in terms of energy in MeV. For numerical 
calculation we use the relation 


log A= 21.8428 + J log£„ + .2i7-i^ -log ro 

in-r 



where F,, = disintegration energy in MeV. 
ro = radius in 10“*® cm. units. 

The relation (6) exhibits explicit dependence of log A on the disintegra- 
tion energy E, charge number Z:>-2 of the product nucleus and radius r« . 
Since ro varies as 'A*, the effect of variation of r# from one number to other 
will be small ; but if Z varies for different members, the variation will be 
much pronounced. So constancy of Z becomes a necessary condition for a 
tw'O diraentional curve. 

The Geiger-Nuttall law has been stated as 

log A = a+bE 


(7) 
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But the actual theoretical relation is much complicated as ^en from the 
relation (6). As it will be seen in later section that Po contains largest num- 
ber of a -active isotopes, the theoretical relations deduced abbve can be con- 
veniently compared with experimentally observed values. Taking an average 
value of ro = 8.63 x io“‘® cm. (for P6*^®, ThA) , the following theoretical re- 
lation for Po is obtained from the relation (6) . 


log A = rt- 



j + d 


log Ev-e Ev 


= 380664- *^^,^,^- cos '■ .1923 Ej ) + Jlog R„ - .3225^1 (8) 

With relation (8) the theoretical curve given in Pig. {i a) is drawn. The curve 
passing through experimental points is given in Fig.i (r). The agreement 
with the experimental curve (c) is seen to be satisfactory, in the middle part 
from {214) to (218) but on both sides the iheorelical curve diverges from the 
experimental one. However instead of taking r,, constant for all isotopes 
we can take the variation of l o from one isotope to other into account accord- 
ing to the relation, To =R.A' Thus another theoretical curve (6) (Fig. i) 



Fig. I 


is drawn frOin relation (6). The curve (fa), approaches the experimental 
curve (c) at the end ; but discreijancy still remains at the two ends, which 
shows that the theory of ^-particle emission fails to account for very short 
lived products as well as very long-lived ones, 
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EXPLANATION OF THE METHOD. 

Now the modified Geiger-Nuttall curves are to be drawn for each 
element starting from Bi. For dealing with the large amount of data we 
have made use of the nuclear chart originally given by Saha, Sirkar and- 
Mukherjee (1940). The usefulness of this chart has been extended by the 
work of vSaha and vSaha (1946) and others on “Nuclear Energetics and ^-act- 
ivity’’, The part of tlie diagram dealing with our work is reproduced in 
Eig. 2. 

As the chart shows all '^-radio-activity appears to cease with Pb (82). 
This means, that ^he activity is too small to be measured. But from 83 
onwards, a-activity has been found in many nuclei. Some of these nuclei 
are also simultaneously ^i-active and it is possible that, many of which have 
been found .so long only s'- or only / 3 -active may be found, as has been found 
by F'eather in the case of RaK, to show the other type of activity on a very 
much feebler scale. We have therefore made use of our criterion for ^-activ- 
ity as given by Biswas and Mukherjec (1948) for dealing with each individual 
cases. 

The correct determination of the data namely A and 1i is the most im- 
portant task. For E we have taken, not the energy with which the '-'-particle 
conies out, but the total energy of the reaction. As is well-known, tin's is 
given by the formula 



In the case of a nucleus which decays both, ways by ''-disintegration, i8-decay 
or /v-capture, experiments give us only the composite life T. As is well- 
known 


1 

T 


_i _i 


When we are considering A , E relation for ot-rays, we require . To 

't' ' A 

obtain this we must know the second relation, the ratio of , which 

'I ^ A„ 

gives the ratio of the particles disintegrating by / 3 -decay to that by 
a-decay. In many cases this ratio is known but in many cases we need, 
have recourse to surmise. Xhese points will be discussed in the propef 
places. 


EXCITED .STATES IN «-IC MISSION: 

It is well-known that many ''-active nuclei do not emit a-particles of one 
energy, but a-pai tides of several energy groups are found. This is due to 
■,t^,formation of excited states of the initial or the product nucleus in "-emis- 
The nuclei emitting complex "-spectra can be divided into two classes. / 
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(1) Class I : In this class, tlie ft-particles of maximum energy have 
highest intensity (group (I) and the intensity of other grou]:»s are smaller 
but of the same order as the group O. This is due to the formation of the 
excited states of the product nucleus. The exainples are ThC— >'ThC", 
RaAc— >-AcX, etc. 

In the present discussion, the a-eniissiou betw een the gror^nd states of 
tw’o nuclei (group O) are considered. Hence the observed disintegration 
constant A.„ is to be corrected so as to give partical disintegration constant 
for the zero group Taking the case of ThC" — >vThC" we find that 

intensity of grouj) O a-particles is 27.3% of the total intensity. SoAaowill 
be 27.2% of the total A „ (6.44 x io~'‘ )• Thus the corrected A„c. is T.75X 
10,"" 

Similar correction is applied for all a-emitters of Class 1 as will be re- 
ferred to later on. 

(2) Class II ; This class includes a fe^^' o-active nuclei where the 
o-particles of lowest energy have the highest frequency and a-particles of 
higher energy are very infrequent, relative intensity being of the order of 
r in lo". This is due to the existence of excited states in the initial nucleus. 
Only the normal a-particles (group O) are included in this discussion. Since 
the intensities of other groups of a-particlcs are very small compared to group 
O, we can pul 5 a< and no correction for the .complex spectrum is re- 
quired. 

The examples of this type are ThC ' — >■ ThD, RaC ' — > RaU. 

(83) Bismuth 

The isotopes of Bi range from mass number 204 to 214, All the relevant 
data are given in Table 1 . 

Bi”®' ; This recently obtained isotope of Bi shows a 12 hr A -capturing 
activity. This is an agreement with the findings of Biswas and Mukherjee 
(1948) on jS-energetics consideration. 

BiSOfl . No distinct activity assignable to Bi’*® ’’ couUl be iound in the 
reaction expected. It i.s expected, from the studies of BiswaS and Mukheriee 
(1948) to be a Jv -capturing nucleus, 

Bi®o® : The 6. .4 d K-capturing activity of this nucleus is in agreement with 
findings of Biswas and Mukheriee (1948). 

JJJ80 7 ; No activity could be assigned to Bi®®’ which is expected in the 
reaction studied. According to Biswas and Mukherjee (1948) this ought to 
be a IC-capturing nucleus with long life. 

Corson etat (1940) reports the production of 85®^^ by the reaction Bi*®**'; 
(a, 2n) and showed that it is dually active, 60% being a-aCtive 40% K-active. 
The product of the a-active branch would be Bi*®’,but he was unahfe tp / 
trace any activity of Bi®® ’4 
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gj908 j production and mode of decay of this isotope are as yet 
uncertain. According to Biswas and Mukherjee (1948) it ought to ^ho.w both 
K -capture and /9*activity. 

Bi®of* ; This is the only stable isotope of Bi. 

Bi®^° : (RaE) : Broda and Feather (1947) have recently shown that in 
addition to 5 d /3-activity, a small fraction of RaE decays by o-activity to Th®®®. 
The branching ratio of o and ^ is estimated as -^ixio”^:!. The energy 
of o-particles has been obtained from the equivalence of energy-release in the 
two branches as shown in Fig. 3. The value of E» is to be confirmed by 
direct experiment. A little alteration in the value of branching ratio and iC« 
will shift the point on the curve to a small extent. 


uo 





^ ’ ; (AcC) : The dual disintegration scheme of AcC is given in FiG. 4. 
The main disintegration of AcC is by o-emissioU {99.68%) to AcC'''. Two 
groups of a-particles are emitted. The complex a-spectra fall in Class I. The 
intensity “of group O o-particles is 84%. Thus 5,33 x 10"* sec"' is 
corrected to give which becomes 4.478x10“® sec"'. This i^tppe falls 
close to the log curve for BL 
^ sH-i7iaP— 8 
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The energy of the / 3 -emission in AcC-^AcC' is not yet determined. 
From the equivalence of energy-release in two branches, comes out as 

.66 MeV. The study of the disintegration of AcC is not yet complete. 

J 3 J 312 ('i'IjO ; The dual disintegration scheme of ThC is well studied by 
Ellis and this is given in Fig. 5. In the o-disintegration branch ThC — ^-ThC'^ 
the observed composite half-life is resolved to give a-half-Iife and The 
.a-spectra is complex consisting of five components (Class 1 ). The intensity of 
Group O '«-particles in 27.1-%, and A„,, is calculated as 1.740 x lo”'"* from the 
value of A„ (6.439X10“'’). This isotope falls on the smooth log A — £ curve 
for Bi. 

IjjSis . This isotope is the corresponding C-product in the newly discovered 
(411 + 1) radio-active series. The data for branching ratio, comi)Osite half-liie 
and a-cnergy relea.se are taken after the determ 'nation of English ci al (1947). The 
study of thisnew series i.s rather preliminary and further investigation is required. 
BiSi* (EaC) : The complete disintegration scheme of RaC to RaU has not yet 
been established. In the disintegration RaC to RaC" two groups of a-particles 
having energies of 5.612 and 5 549 MeV have intensities of 45.4% and 
54.6%. The (i-disiutegration constant is calculated from composite halflife; 
this A„ is corrected to give partial disintegration constant A„„ which becomes 
1.056x10“^ sec"^. 

The Refined Gciger-Nuttali Curve For Bi 

With the data given in Table I, the Geiger Nuttall plot, log A against 
is, is made for the isotopes of Bi (Fig. 6). The points lie close to a smooth 
curve excepting Bi^^^ (RaC). This curve is somewhat dilTerent than that 
given by Broda and Feather (1947) in the study of Q-activity of RaK. The 
curve given by them is drawn through the points corresponding to a-particles 
other than the zero group, whereas the present curve is drawn for Group O 
a-particles of the isotopes of Bi. The a-active isotopes of Bi includes C- 
products and it has been shown by Gamow (1937) that none of these C — 
bodies show normal behaviour. 

(84) Poloniuin 

Polonium contains largest number of a-active nuclei. Its isotopes range 
from mass number 206 to 218 with exception of 209 and 217. The relevant 
data are given in Table IJ. « 

Po2oo . 'Phis recently obtained Polonium isotope exhibits simultaneous 
a-emission and Zv-capture ]>rocesses,. The K-capture activity of this even-even 
nucleus is due to its position, in the extreme right flank of the Ingroup. 
As pointed out by Biswas and Mukherjee, this nucleus is a good confirmatipn 
of the Saha-Saha theory (3946). 

No daughter of by o-eniissioii has been reported. The" product': 

should be a-active. 
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P08O/. . This also is a simultaneous a and /C-active nucleus. The high K- 
capture process (99.99%) is in agreement with Biswas and Mukherjee's 
findings, l^o daughter of Po®"’ is found. Po^ot to Bi^®’ by A", 

capture, As given before Bi*®^ should decay by A-captUre. 
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Po*'’" ■ The 3 year a-activity of Po*®* is m agreement with the stability 
rule. According to Biswas and Mukherjee, this even even nucleus should 
have no /?" or A'-capture activity. 


PO-- • No activity could Ibe assigned to Po"- which is expected 
in the reaction studied, Bi-“ (d. 2n) Po’““. This isotope will decay by/ 
A-capture (Biswas and Mukherjee, 194S) as well as by ^-activity. 


jjq”" ; The investigation of Chang (1946) revealed that Po*‘® (RaF) 
does not emit homogeneous a-rays, but seven groups of particles are 
present. The iuten^sily ratios of the higher order groups to the main 
group are at variance with the j)roseiit theory of a-eniission of excited 
states. The ^-energy of Group is highest and the relative intensity 
is 10“, compared to other groups whose energies are smaller than the 
iiiaiii groiip. Thus the a-spectra do not fall in either of Class 1 or 
Class II as stated before, taking the experimental observation as correct, 
Po- 10 presents a problem, hitherto unknown and unexplained, in a-emis- 


sioii . 


: (AcC') : The normal ^-particles of 7.434 MeV from AcC' 
is surely attended by long range a-particlcs of very low intensity as in 
the case of ThC' and llaC'. These have not yet been studied. 
Accurate dctcniiiiiatiou of the extremely short half-life of AcC' is required 
as no recent data are available for this. The a-.spectra of AcC — >AcD 
should fall in Class 11 as in other C-products, and hence no correction 
fdr is required. 


The absence of /J-activity of this nucleus follows from the studies 
of Biswas and Mukherjee (1948). 

spectra of TbC^— >ThD has been completely 
investigated and with the main group of 8.776 MeV two long range 
o*particles of very small intensity are present. Tlie complex a-spectra 
fall in Class II and no correction of is required. The short half-life 

10“^ sec) has been accurately determined by Dunworth (1939). 

No / 3 -activity is possible for this even-even nucleus. 

Po®'** ; In the same line with ThC' and AcC', this isotope is. tbe 
corresponding C' body of ,the newly discovered (411 + 1) radio-active series. 
The half-life is reported as 4.4x10”® sec. Further investigation is sure to 
show long range a^particlcs of very small relative intensity. 

No /f-activity of this nucleus is possible as shown by Biswas and 
Mukherjee. 

(RaC') : It has been obsetved by I^ewis & Bowden that 
long range groups of very small relative intensity are present witfc 
the main group of a-particles. The number of y-rays, due to transitions 
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between these levels, as pointed out by Hills, shbuld be many more 
than at present observed • The half-life has been accurately determined 
by Duuworth (1939J, Rotblat (1941) and Ward (1942). 

This ^-spectra of Class II require no correction for The /S-slability 
of this nucleus is accounted for by its even-even property. 

Po*’“ (Ac A) : The a-speclrum is simple as observed by Lewis and 
Bowden (1934). The short half-life, 1.83x10-' sec., has beeii accurately 
measured by Ward (1942). According to Biswas and Mukherjee loc. 
cit., low energy / 3 -emission is probable for IV® (AcA). The isotopes, 
ThA and RaA of two other radioactive scries have been observed to 
emit low intensity ^-rays in addition to strong a-activity (Karlik and 
Bernert, 1945)- 'I'hus the predicted / 3 .activily of very weak intensity 
will be in agreement with the A-products of two other series, This will 
be worthy of further investigation. 

Po*’*’ (ThA) ; Karlik and Bernert (iQ43a) showed that low intensity 
/S-ray branching (.014%) exists for this strong a-active nucleus. The 
/ 3 .ray energy has not yet been measured. Very low energy / 3 -emission 
from this even-even nucleus is explained by its position in the flank 
of the group 1=48. This is in confirmation of Saha-Saha theory (1946). 

The short hall-life (.158 sec) has been accurately measured by Ward 
(1942). 

Po’’’' : This isotope of Po is yet unknown. This should belong to 
(411 + 1) radioactive scries; but Ss'"' is the only known isotope of this 
mass number in (40 + 1) radioactive series. If ever obtained, this will 
be fi~ active of very short half-life. 

Po®’'' (RaA) ; The investigations of Karlik and Bernert {19436) revealed 
a low intensity fi-iay branching (.04%) tor this predominantly a-activc 
nucleus. The ft-ray energy has not yet been measured. The )8-activity 
of this even-even nucleus is due toils position in the extreme flank of Group 
1=50, and is in good agreement with Saha-Saha theory {1946). As 
indicated by Biswas and Mukherjee, / 3 -ray energy. release is expected to 
be MeV. 


The G&igcr-NuUali Curve for Po^ 

Since Po contains largest number of a-active isotopes, the validity 
of the refined Geiger-Nuttall relationship can be tested with the data 
provided by it. The curve, log A against E, (Fig. 6) is plotted with 
the datd given in Table II. It is observed that almost all the isotopes 
fall on a smooth curve. Small deviations occur for PoV‘ (AcG), Po*‘* 
and Po®**. In case Of Po®*' (AcCO it has already been pointed out 
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^0 7.0 8.0 g.o 

E in Mcv 

Fig. 6 


that the short half-Jife (5 x lo^’’ sec) has not been measured with accuracy 
in recent years. exhibits a new type ot ^^.-activity as indicated 

before. The data for the otlier isotope, 1^0“*^*^ are rathef* preliminary. 
Thus the proposed refinement of the Geiger-Nuttall relation ifi seen to hold 
good, 

(85) Astatine 

At present five isotopes of element 85 are known, all bf which strow 
ct-activily, The data for on^ isotope is insnflScient. The relevant data 
are given in Table III, 

: Ihis isotope was obtained in artificial trani^tnutation by 40 
MeV o^-pat tides on by Corson et al (1940). The observed XC- capture 
activity of this, in addition to ot*activity is well explained by the ^8. energetics 
for 1 = 41 (Biswas and Mukherjee, 194 8), 

At®*'': riiis isotope is a-active and /J-stable. The /J-stability. of this 
■ .is in asreenieut With ^-energetics considerations. 




GeigeT’-NuHall Relationship 65 

Tabi.h III 
Astatine (85) 
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85At“‘" ; This isotope is formed in weak /^"-branching of ThA (Karlik 
and Bernert, 19430) and by a-decay of The half-life is slated as'-'io"®s. 

The a-energy is given as 7.64 MeV according to earlier determination and 
7.97 MeV according to later determination. This is also expected to show 
i8"-activity, but probably this is overshadowed by the more intense 
a-aclivily. 

SsAt"*' : This isotope is a member of the newly discovered (40 + 1) 
radio-active series. Its a-aclivity has been observed’, but it may be also 
jS'-active with small energy-release. 

BsAt’-'*’ ; This isotope is produced in the ^-branching of RaA which is 
only 0.04%. The value of half-life is uncertain and is given as several 
.seconds. The a-energy is reported as 6.63 MeV by Karlik and Bernert (1943). 
Further investigation of this isotope is I’equiied. Taking the value of Ea as 

correct, the half-life of At*' 'maybe estimated from the Geiger-Nuttall curve 
for At. This comes out as <-'■5 sec. 

The Geiger-NuHall Curve.for Ai< 

Of five a-active isotopes of At, the available data permit to plot four of 

them. As seen in Fig. 6 these lie on smooth log K E curve within the limits 
of experimental error. This curve is similar to that of Po and lies below the 
latter. This Geiger-Nuttall curve for At is useful to determine half-life from 
a knowledge of Ea and vice vena for any other isotoi>e with incomplete data. 
■TT siu g th'm riifve half-life of At*" comes out as 5 sec. , 
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( 86 ) Radon 

All three uown isotopes of Rn are a-active. The relevant data are 
given in Table IV. 

Rn®'” ; This isotope is obtained in the co-lateral chain of Ra-series. The 
a-energy is not directly obtained from Rn*’** but is assigned to it in order of 
half-life. 

Rn®'’(An) : The a-spectra of Rn®*’ is complex consisting of 4 groups. 
The intensity of the zero group a-particles is 70%. Accordingly the value 
of Atto is .124 sec”'. 

Table IV 
Radon (86) 


1 

& 

Observed 

half-life 

cd 

(h 

al<*l 

o-half-life 

1 

J'o 

M. 

I 

(U o; 

Decav energy 
E (MeV) 

Produced by 

Remarks 

Rn»‘« 

.0x9 B 


.019 s 

36.5 

7-1 

7*33 

a-dccay 



(s la) 




(Sia) 



0 

Rll «9 

3.92 S 


3.92 s 

•17 

6.8a 

6.95 

AcX‘-*®®adecay 


(An) 

(c6) 




(H3) 




Rn«« 

54 -S « 


54 ‘5 s 

1.27X10^^ 

6.a8 

6.40 

ThX‘«ia.decay 


(Tn) 

(c6) 




(B 3 , H 3 ) 




Rn*« 

? 







iS* -activity 









expected. 

Rn®« 

3.825 (1 


3 825 d 

2.10 X 10’® 

5.486 

5.587 

Ra 226 a,(leca>” 



(c6) 




(B3. H3) 





Rn®‘*(Tu) : The a-particles from Tn®*® are homogeneous as observed by 
Briggs (1936) and Lewis and Bowden (1934). 

Rn®*' ; This isotope of Rn is not yet known. This may be formed if a 
small a-branching exists in Ra®®' which is not unlikely. Rn®*’ will be pre- 
dominantly /^“-active. 

Rn : The o-particles of Rn"®® are homogeneous according to the 
observation of Lewis and Bowiien (1934) and Briggs (1936). 

The ^-stability of all three known isotopes of Rn follows from the studies 
of Biswas and Mukherjee (1948). 

i'jeiger-Nuttal' Curve for Rn. 

With the data given a Table IV, the log X, E curve is drawn from the 
isotopes of Rn (Fig. 7). It is seen that the three points lie on a smooth curve 
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while the one of Ru’®’® falls outside, A redeteniiinalion of A and Ra of Ru®’ 
is required. 



4.0 5.0 6.0 7.0 8,0 

/£ in Mi'V —> 

Fig. 7 


(<S’7) Fiancium 

At present four isotopes of element 87 are known of which one is 
/il~-active. The relevant data are given in Table V. 

Fr“’'’ ; This is obtained in a colateral chain of Ac series recently synthe> 
sised. As expected this is j8-stable. 

Fr®"“ : This isotope is observed as ^-active. This is expected to be also 
/ 3 “-active. 

Fr““’ ; This isotope is a member of the recently discovered (40 + 1) 
radioactive series. The /1-encrgetics curv* s for I = 47 shows that this will be 
^-stable. 

Fr““‘ : This isotope is not yet known. This isotope will be / 3 “-active, 

Fr“*“ ; (AcK) Perey and L,ecoin (1939) discovered a smalfa -activity of 
Ac*®\ a ; jS branching ratio being i : 99- Tbe a-decay product is 87Fr*®' 
which is ealled AcK, This decays by ^"-aclivity to AcX**’\ 

The /S“-gctivity of Fr!*® is in agreement with the studies of Biswas and 
Mukherjee- (1948). The /8"-ray energy of 1.2 MeV is supported by theoretical 
cohsiderations, but no r-ray of so high energy, >3 MeV, as reported by 
them, should exist with this isotope,. 

3-1712P— 2 
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TABr<E V 
Francium (87) 


Isotopes 

■2 ./ 
ts 

^ CD 

OrC 

1 

— ratio 

a- ha If life 

1 

1 y 

>, 

bCQ. 

<U (u 

in 

§'w 

Produced by 

Remarks 

jri.S19 

s 



G.gX 16^ 

7 30 

7-43 

Ac'**^* a-det av 

I’recise 


(Gsa) 




(G'Jd) 



value of 









X is re- 









quired. 


"^30 s 


fl 

2.3 Xio""* 

6.63 

6.81 

a-deca> 

^'-activity 


(Gaa) 




(G2fl) 



also ex- 









pected. 


<; ni 


5 n] 

2.3X10^3 

6.31 

6.42 

a-decav 



(Kr, Hr) 




(El) 




Vrm 

? 



I 

1 



This vv ill be 






i 



)3 “-active. 

li‘,S 23 

arm (S ) 








(AcK) 

(Pi.l’a) 



1 



u-de^ ay j 



Gcigcr-Nuilall curve j or Fr. 

As the ex)jeiiniental data are approximate, the point of and Fr**^ 
lie close to the O-N-Curve for Fr, while Fr^‘“ lies much above the curve 
(Fig. 7). Precise experimental values are required for these. 

(88) Radium 

The known isotopes of Ra range from Ra”'"' to Ra‘''“ (MsTlil) with the 
exception of Ra““^. The useful data are given in Table VI. 

Ra““-' : This is /?■ stable as expected from /S-energetics, and is only 
'^-active. The a-energy has not been obtained from separaterl isotope but is 
assigned in order of half-life. 

Ra“““(AcX); As reviewed by Beihe {1937), tbe a-spectra of AcX is 
complex consisting of four groups. The intensity of group zero ^-particles 
is 4%. The observed disintegration constant is used to give A<,„ equal to 
2.86 X 10"’ sec. 

The /3-slability of Ra-“‘’ is explained by j8-euergetics considerations, 

Ra"**(ThX) ; The ^-particles of Th**" are homogeneous according to the 
investigation of Briggs (1936). 

Ra*®* : This isotope is a member of the (4n -t- 1) radio-active series. They 
^"-activity of Ra“'' is in agreement with the studies of jS-energetics. It is ,a. 
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desceudaxit of 7 x yr .-active Th-». Hence it is plausible that feeble 
.-activity of Ra may exist which is masked by a more intense /i-activity 
The suspected .-activity of requires further investigation. 

Ra : The '^-particles from Ra*"® are not homogeneous, but belong two 
groups (Lewis and Bowden, 1934), The intensity of Group O particles is 
97-8% from which Aa^ is estimated as 1.35 x 10*“ sec,^* 

Ra'*^' : This Ra isotope is not yet known. It may be formed if weak 
a-activity of Th"'^* is detected w^hich is not unlikely. This will show 
/3 -activity according to /3-cnergetics studies. 

Table VI 


Radium (88) 


Isolnprs 

olj.sorved 

hfilf-Iife 

tt 

jg ratio 

a-half 

life 

Aa 

(Rec-i) 

a*energv 

(MeV) 

Decay 

Energy, 

7 i:(MeV) 

Produced by 

Remarks 

Ra* 

38s 

(Sia) 

- 

3Ss 


(EJ2) 

6.61 

Th'^^*a.decAy 

. . . 




11.3d 

7 ,r 4 X jo “7 

( 1 / 4 ) 


RdAc® 27 a-decay 

Data require. 

(AoX) 

(i'6) 


5.82 

rede ter- 
mination 




(TliX) 

( 1 - 3 ) 


3 . 64 d 

2.3 X lO'fi 

5.68 

( 1 ^ 3 ) 

5.78 

RdTh^^^a-dccay 


Ra«6 

Md (S) 

... 


... 

... 

... 

Th^^^a- decay 

0 activit3* 
probable 

Ril22« 

'590.V 

(('A) 


l 59 i\V 

1.38 X IQ-U 
Aao"^ 1.35 

4.79 

(Iv.1) 

4.8,8 

Ip'^^^a^decay 






Xio I* 





RaW 



... 

... 

... 


... 

/ 9 “-activitv 

expected 

Ra“2" 

(M.sThi) 

6 . 7 y(/ 9 ) 

(c6) 

... 

... 


... 

... 

Th^'^^a-decay 

^eak «*acii- 
vity probable 


Ra"“' (MsTlii) : The low energy ^“-activity of the even-even nucleus, 
shMsThl®”" is in good agreement with Saha-Saha theory as indicated in the 
^‘energetics study of the Group i = 52. Since it is the dccendant of 1.39 x1 
joiOyr .-active Th“'*“, it is likely that «-activity also occurs for MsThI 
with a half-life of the order of a million years which is probably overshadowed 
by the mote intense ^"-activity. The probable w-activity of MsThl is to be 
searched for. 

The te.fined Geiger-Nultdll Curve for Ra. 

The plot of the experimental data in Table VI is given in Rig. 7. It is 
observed thkt out of four «-active isotopes of Ra, one point Ra’'** do not fall 
oil the smooth curve. Some anomaly in the experimental data k seen 10 
exist in case of' AcX*** and’ ThX***. The «-energy values qf these are, ,5. 7,^9 
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aad 5.681 MeV respectively accordiog to spectroscopic deter thmatloQ of 
Lewis and Bowden lim) and Briggs (1936) . B«t the disintegration constant 
A. of ThX'®’* having lower cx-energy is given as greater than for 
These data are incompatible with the theory of cx-activity. The itjate for 

Ra'^MAcX) should be re-investigated and revised- 

(89) Actinium 

The isotopes of Ac range from Ac"-'"’ to Ac“-* with the exception of Ac*“‘. 

The relevant data are given in Table VII . 

I'his should exhibit K-cupture in addition to observed cx-activily. 

Tabi-E VI r 


Actinium (Sg) 


Isotopes 

ObHCTVCd 

Iialf-lile 

" ratio 

0 

a-half- 

life 

1 

I Xa 

(Sec-*) 

a-ciiergv 

(MeV) 

I)ccay 

energy 

/'(MeV) 

IVodnced hy 

i 

1 Remarks 

1 


«^ani 

(Gan) 

... 

^aiii 

J.16 X 10"^ 

6.64 

(Gan) 

76 

pa 227 a-dei’ay 

|/C- capture acti- 
vity probabJe. 

Ac“< 

2.5IJ 

(Gaa) 

^ ^ /. 

K It) 

a 7 St> 

7.7X 30“® 

6.17 

(Gaa) 

6.28 

Pa®^®o-decay 

Precis^ data 
required 


lod 

• a 1 

lod 

8.0a X 10 7 

’(Bi) 

5.906 

Ra^* 5 j 9 “-decay 


Ac*** 

... 

I 

... 

'• 

... 



This will be 
-active. 

Ac*** 

1.3 -.sy 
(C 6 ) 

(Pi.Pa) 

^ 35 oy 

1.63 X jtr^* 

(Pi. P2) 

5.09 

Pa^'^^a-decay 


Ac*** 

(MsThll) 

6 .j 3 h 

(C6) 

7 ' 

(G5,G6) 

... 

... 

4-.5 

(G5.G6) 

' 1-58 

M^Thl 2 ZPi 9 .decay 



Ac^^'* : The observed 7 C-caplure activity along with w-etnission is in 
agreement with ^-energetics considerations. 

Ac"'® : This is a member of the recently discovered (4n-i- 1) radioactive 
series. The / 3 -stability of this isotope is in agreement with the ^-energetics 
studies. 

Ac' This isotopes is not yet known. If ever obtained, it ivill bt 
predominantly / 3 '‘-activc. 

Ac“’ : Perey and Lecoin (1939) discovered that along with strong 
. / 3 "-activity of Ac*”, a weak a-activity exists to the extent of 1:99. The 
,6-activity of Ac" ’ is in agreement with ^-energetics studies. The «-branching 
of Ac”' produces AcK, which is an isotope of element 87. 

Ac*** (MsThll) : This predorainatly / 3 ~-active isotope has been reported, 
to be very weakly «-active by Gueben (1933). The branching ratio, as well 
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as the (x-decay product, Fr**" has not yet been observed. The w-eoergy is 
reported as 4.5 MeV from range measurement. This nucleus requires further 
studies. 

Taking the «-energy to be correct, the modified Geiger-Nuttall Cui ve 
can be used to find out A. for Ac”". The a-half-life comes out as 1.5 x 10" 
years, from which « /3 branching ratio becomes 5 x io“8 . j , 

— Modified G-eigcr-Nutiall Curve for Ac. 

Of four isotopes of Ac, three points lie 011 the smooth G-N Curve for 
Ac (Fig. 7) only Ac”‘ falls outside- Precise determinations of A, and 
VC : ot ratio are required for Ac”‘. The unknown data for MsThll”" can be 
roughly estimated from this curve. Taking the oc-^euergy data of M.sThll 
to be correct, the a-half-life and the ratio of « : /9 emissions are calculated as 
given above. 


{90) Thorium 

The isotopes oCrii range from Th”" to Th“”. I-'ive of them are o(-active. 
The relevant data are tabulated in Table VIIL 

Th'^*" : No other activity is expected from ;8-energelics studies. Th“*' 
(Rd Ac) : As observed by Lewis and Bowden (1934) the a-spcctra of RdAc is 
found to be highly complex consisting of eleven «.groups. The spectra is of 
Class I and the intensity of Group O «-particles is 24%. From this the value 
of A„o comes out as 1.018 x 10“'^ sec“T 

Th'^" (Rdlh) : The studies of Lewis and Bowden (1934) revealed the 
a-sjiectra from RdTh*^" to be complex consisting of two groups. The 
intensity of Group O «..particles is 85% . The partial disintegration constant 
A,o comes out as 9.33x10"" .sec"*. Energetically no other activity is 
probable for this. 

Th”“ : This one is a member of the (40 + 1) radioactive series, The 
experimental data are rather preliminary. Very weak /Q“-activity is not 
unlikely from /J-energetics consideration. 

Th”*’ do) ; The «-particle.s are homogeneous. The «-energy value 
given by Wiuand (1937) appear satisfactory from the Geiger-Nuttall Curve 
for Th. 

Th”‘ (UY) : The observed ^'-activity of Th®” is in agreement with 
energetics consideration. As it is the a-decay product of this isotope is 
strongly suspected to show a-activity with long life like Ac®*'. This possibly 
remains masked by strong jS"-activity. This lequires further studies. 

Th®” : The energy of «-particks from natural thorium is different 
investigators. Ionisation chamljer measurements by Schiiitlmeister (1937) 
give «.energy as 4.2 MeV. Latest determination is due to Faraggi ,(1936), who 
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Tadle vin 

Thorium (go) 



Observe 
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o-cnergy 

(MeV) 

— — n 
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probable. 

Th» 

1 
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3-97 
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Source 

... 
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Th«* 
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24 ^ 5 »n(/ 3 ) 
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1 


... 


IJMCo-decay 

activity 

probable. 

1 


determined the range of a-parliclcs by photographic method. With the range- 
energy curve by Holloway and Livingstone (1938), L„ becomes 3.90 McV. 
This valui! appears too low. 

Th'"* : This, being the decay product of long-lived tl''"', is expected to 
show weak «-activity which probably remains masked by strong / 3 “-activity. 

Ceiger-Ntittall Curve for Th. 

With the data given in Table VIII a continuous curve can be drawn 
through the five plotted points (Fig. 8) and only Th‘“‘ falls outside. In case of 
Th““’ isotope the «-energy is not consistent for different works. The modified 
Geiger-Nuttall curve gives us the clue regarding the coriectuess-of the values 
ofE„. As observed from this curve, in case of Th^’^, the value of Schintl- 
meister (1937) appear more satisfactory than the other. 

(gi) Proioaclinium 

% 

()f six known isotopes of Pa, three are o*-active. The data are given in 
Table IX. 

Pa ; Ihis is the starting member of the co-lateral chain of Ac series. 
The Iv -capture activity is in agreement with / 3 -energetic .studies. 
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Pa’®" : This ia the st^ivting member of the colateral 'thain of Th series. 
This shows high-Jv -capture activity as expectel from j8-energetics. 



4 o 5.0 6.0 7 o 

E in Mcv — > 

Fig* S 

Pa“®“ : Not yet knowm. According to /^-energetics, this will decay by 
y^-paplure. 

Ip 

Pa®*" : The /S-activity of this follows from /^’’-energetics studies. 

Pa®"‘ : The a-particles -from this isotope, so long known to be 

homogeneous have recently been shown to have fine structure by San-Tsiang 
et al (1946). Three groups of a-particles of energies 5.00, 4.72 and 4.69 MeV 
are found ; the intensity of group o a-particles is about Si%. Thus A„o 
becomes 5.59 x lo**^® sec”’ . 

Pa*®* : Not yet known. May be obtained from Pa*®’ {v,y), reaction. 
This isotope will show predominant / 3 “-activity. 

Pa*®" : The observed ^“-activity is in ^ood agreement with /8-energetics 
studies. 
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iV^Ml'Xs, UZ) : Two isomeric nuclei exists for Pa"'’*. onUXi 
o,er 10 UX/" by ^--docay. UX.”' l«s on ioonierio tronoition 10 Un - 
bolt UX, and IIZ, decay lo Uir'* by r-emission. 


goes 

and 


Table IX 

Protoactiiiium (91) 


I ivotopes 
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m. 

VX.il 

i.T. 
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1 

1 


... 

UX 10 -decay 



(iviger-I^^uiiaU Curve jor l\x. 

Of three isotopes, Pa**'" lies a little below the G-N curve for Pa (Fig* 8). 
This is probably due to the approximate value of cx : K ratio. 

( 92 ) Uranium 

At present seven isotopes ofUareknowiin Four of th^se are cx-active. 
The relevant data are given in Table X. 

: This is ^-stable as expected* 

; Not yet known. Expected to show cx-activity. 

: This recently discovered isotope of U is highly fissionable and this 
is the starting isotopes in the (4n "+1) radioactive series, 

‘ ; 1 he experimental data for cx-energy vary for different investigators 
by different methods, latest determination 01 cx -energy by range measurement 

in ionisation chamber by Wytzes and Van de Maas (1947) yield 6<-energy as 
4.78 MeV. , 
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TABr<8X 



Uranium (93) 

Isotopes 

Observed 
half life 1 

ratio 

p 

oi-hftif l»fe 

A. 

(Sec-') 

a energy 
(MeV) 

Decay 

energy 
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.t'Ori nv-ica rtUU Hie 

range-energy relation of Holloway and Livingstone (1938). 

The isotope is not yet known. by neutron capture 

becomes U"’® which nistaiitly undergoes fission. 

Ij .The observed /:> -aclivity of U"'^ is in agreement with the 
/f-energetica studies. 

11 "®" ; The results of vaiious investigations regarding a-energy of tJ'®’* 
varies to certain extent. Latest range determination by Wytzes and Van 
de Maas (J947) yield (Xrenergy as 4.31 MeV. The «.particles are of 
homogenous energy^ 

U**" : The observed ^“-activity of U*” is in accordance with the 
energetics studies. The / 3 ~ energy has not yet been measured. 


The Geiger-NuUall Curiie for U. 

With the data given, in Table X, the log A, jg curve for the isotopes of 
U is drawn (Fig. 7). It is seen that all of five U isotopes lie on a smooth 
G-N curve for U. 

(93) Nej?luniuni 

the only w-active isotope of Np known 'so far. The value of 
«-euergy is not yet known. 

4 --i 7 iaP— a 
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(94) Plutonium 

Three isotope of plutonium are known two of which Pu and Pa^“ are 
a-active. The data are given in Table XI. 


Tabw XI 


Plutonium (94) 


Isn lopes 

half life 

^ ralio 
ti 

a half-life 

A. 

(.Sec-’) 

(MeV) 

Decay 

eucrtjv 

K,(MeVj 

Produced by 

j 

Retiuii'k 


... 

! 

... 

1 

... 


I Np^2®y9Mlecay 
j (.'ni-^^'a-dccfiy 

1 < li > 

! 

J,,p38 

5^y ! 

m 1 

' 1 

... 1 

5'-'y 

|.39Xto"'^o 

S-49 (Ci) 


Np^^^iQ 'decay | 
Crn®42t^-^^ecay 


PuMil 

24 it'X)oy 

(S8) 


.!4,o()(iy 

9 . 16 X io“13 

5-1,5 

5*23 

U239j8.cJecay 


Pu*ii 

long(0) 

•• 

... 

... 


... ! 

1 

(S8] 

... 


: Nothing is reported ab(mt this isotope which must have been 
produced in /i“-decay of Np and cn-decay of Cni'*''". 

This will be '--active, decaying to 11*'''“. 

Pu”" : The recent report of the range of a-particles from Pu“''"* by 
Chamberlain et al (1947) yield ^-energy of 5.49 MeV from the range-energy 
curve tHolloway and Livingstone, 1938). 

Pu'““ ; The range mea.surements by Chamberlain el al (1947) yit-dd 
a-cnergy as 5.15 McV. 


Pu-®” : The observed longlife j8~-activity of Pu°‘’ 
/f-energetices studies. 


is in agreement with 


The Ceiger-Nutlall Curve jor Pu. 

two points corresponding to two cx-active isotopt-s of Pu, the long 

A,ii emve IS an approximate one. The curve Is nf tPr. c... . •< 

other elements (Fig.8). ^ame^nalure as with 




f v-» 4, yj 


quite satisfactory” 

Z <o u^certafa.ics ta ,..e 

«.ac.ive isio« rwr'l'* ""r 

any one of them is known,: ^ «-euergy when 



Geig6r-Nuttall Reldtionship 77 ; 

r‘ ' 

A C K N O W I. E n G M N T 

Th(! author expresses his gratitude to Prof. M. N, Saha, F.R.S. for 
his continued interest and guidance during the progress of the work. The 
author is also thankful to C.S.I.R. for the award of a scholarship which 
enabled him to carry out to work. 

iNSTlTUTli or NuCLIJAK ll^IIYKJCS, 

UnTVEKSITY of CAt^CTTriA, 


R E 1 ^ R R E N C B S 

Bi. HcrUiellot, 1942,/, Radium 52. 

B2. Hlswas and Muklier ee, 1948, Ind. Jour. Phys,, 22, 80. 

B3. Briggs, 1936, Proc. Roy.Soc. Land A.^ 157 , 183 

Bro da and Feat licr, 19.^7, Proc Roy.,Soc,A .yi^0t2iO. 

Ci. Chamberlain, Gofuian, Segre A Wohl, 1947, Phys. Rev., 71 , 52S. 

Ci. Chang, 1946, Pfiy<i. Rev., 69 , 60. 

C2,,, Cfmduu ami Gurucy, 1929, Bhys. Rev , 33 , 127. 

C3. ('ork, Halparn and Tatel, 1940, Phys. Rev., 67 , 37J. 

C4. Consou, Mackenzie and Scgre, rg-iD, Phys Rev , 57 , 459 & 1087. 

C5. (^:>rsoii, Mackenzie and vSegre, 1940, Phys. Rev., 63 , 672 

C6. Curie, IX-bierne, Fve, Geiger, Hahn, Eind, St Mever, Rutherford, and vSchvAeidler, 
1931, Rev. Mod Phys., 3 , 427. 

Di. Dunworth, 1939, Nature,, IW, 152. 

El. Fhiglish, Cranaho\« , Denners, Hervey, Hincks, Je.lley and May, 1947, Phys Rev., 

’^2,'’ 2 .S 3 . 

Fi. Faraggi, 194^, J. Phys. Radium , 7, 353. 

Gi. Gainow, J929, Zeits. f. Physik., 52 , 510. 

G2. Gamow, 1937, Structure of Atomic Nuclei and Nuclear Transformations 
(Oxfd. Clarendon Press), 

G2,.. Ghiorso, Meinke and Scaborg, 1948, yPhys. Rev., 74 , 695. 

G3. Gratias and Collie, 1932, Proc. Roy, Soc. Lond, /!., i 36 , 299, 

G4. Grnsse, Bcjoth and Dunning, 1941, Phy*^. Rex^ , 59 , 322. 

O5 Cueben 1932, /Inn. Soc, Scl Bruxelles. B., 62 , 60. 

G6. Giieben, 1933, A art Soc. Sci, Broxelles B,, 63 , 115. 

Hi, Hagemanu, Katzin, Studier, Ghiorso and Seaborg, i 947 » Phys. Rev., 72,352. 

Hr*. Hahn and Strassmann, 1939, Natunviss., 27 , zi. 

Ha. Ifcndensou and Lawrence, If )3 7. Phys. Rav,, 52, 46. 

H3, Holloway and Livingstone, Phys, Rev., 54 , 18, 

H4 Howland, I'einpleton and Perlman, 1947, Phys. Rcv„ 71 , 552* 

H5. Hur^t, Latham and Lewis, 1940, Proc, Roy> Soc, Land, A., 174 , i 24 . 

Ti. Irvin (jr.) 19391 f 33 , 1105. 

Kj Karlik and Berneri, Z 943 «» Nuf«r 7 ulss,, 31 , 492. 

K?.. Kariik and Bernert, 1943b, Noturwiss , 31 , 298* 

K3. Kavorik and Adams, 1938, Phys. Rev , 64 , 413. 

R4. Rovarik arid Adams, 1941 12 , 296, 

Li. Lane. 1929, /. Pky^ik., 62 

La. LLdngstone and Bethe, 1937 ; Mod., Phys* 9 , 266. 

L3* Lecoin,. 1938, 7. Phys. Rodhmi., 9) 81- 

L4, L^iwis and Tfowden, i 934 i Proc. Roy* Soc, Land. A,^ 146 , 235 



78 


S. BisWas 


McMillau, rg/jo, Phys. Rev., 88, 178. 

Nishina. Ya-saki. ICimura and Ikawa. 1938- • ‘* 2 . b 74 . 

reiev, J939, Comp I ■ Rend , 208,97 

Percy audLLcoin, .939, ] /’'O’S- -^SS- 

I’rcstuii. 194^' ^*^ 0 '^- Rev,, 69 , 535 - 

Preston, 1947. 

Raytoii and Wilkins, 1937. R^'V^ 

Ringo. 1910, Vhyx- Rev., 68 , 942 
Bingo, 1941. 

Rotljlat, 1941. 

onii'i \ K 1044, I'yec. Noi Jilt. Sci. )nd., 10 , 373 - 

s;ha M: n;, and Saha A. K . .94^ Tran. Nai. Inst. Scu 7 «d H xy 3 . 
Stiha M N., Sirkar and AIuklier;co. 3940, Rroc. Nat. Inst .S( Ind., , 4. • 
San-Tsiang. Pat hcdel and Bouis.siers, i 94 ' 5 , Rhys. Rev., 69 , 39 - 

s:whncre;ir^^ " 

Sehinthneisur. 39.37, SH,. , 4 kad, Wiss. Wten. .ltd. IJa .m. 37 -- 
Seaborg, 3944 , Rev Mod. I'Uys., 16 , i- 
Senberg, 1946, 5ficnuc., 104 , 379. 
segre, 3939, Rhys- Rev., 56 , 1104, 

. Sexl. 3933. yeits f. Physih , 81 . ib 3 , 
li Si/.oo and Wytres, 1937, I’hysica., 4 , 791. 

.. Starke, 194:;, Natimohs , oO, S 77 - 
!. Studier aisd Hyde, 1948. Rhys- ReV. 74 , 59T. 

Tcmpklon, Howland and Pci hnau, 1947, Rhys. Rev., 72 , yCR. 

Templelon, Howland and I erhnan, 3947, Phys. llcv., 72 , 7.ft . 

Van Her Maas and Yntet33a. 3947, Physica., 13 , /)S3. 

I. Wiird, 394.!, Proi . Roy. Soc. Loud d . 181 , 183. 

.. Wilkin.s and Ciowtoid, 3938. Phys. Rev., 64 , 316. 


W3. Wiuand, 1937. J- Rhys- Radium., 8, .129. 

W4. Wyt/.e.s and Van der Maas, 3947, Physica,, 13 , 49. 



7 


ON THE PROPAGATION OF SUPERSONIC WAVES 
THROUGH LIQUIDS AND SOLUTIONS 

By B. B. GHOSH 
{Received for publication, Auj*;, 26, ig^iS) 

ABSTRACT, A survey id the position of absorption and dispersion of supersonic 
waves in liquids, both theoretical and experimental, has I:>een made. Different theories 
including those of the author have been critically di.scussed and the theoretical cxprer.sion 
deduced by the author has been further extended to calculate the dispersion in electrolytic 
solutions. It has been .suggested that tha experimental observation.s on the dispersion 
in water and IlgSO^ .solution might be explained on the ba.sis of water structure aud the 
mutual interaction of electronic atmospheres of molecules. 

EXPERIMENTAL AND D I S C U S ,=1 1 0 N 

The experimental observations on the ab.sorption and dispersion of 
supersonic waves in liquids are not exidained by the existijig theories. The 
exact position can be indicated in the following lines. 

When sound waves or elastic waves travel in any medium, liquid or gas, 
the co-efficient, of absorption, due to the viscosity and the heat conductivity 
of the material, is given by the classical formula of Stokes (1840) and 
Kirchoff (1868). This can be expre^ssed in the form, 


^(tliiSi'ic.il) -—Of, — 




where, A= Wavelength of the sound wave. 

F= Velocity 

/>= Density of the medium. 

ij= Co-efficient of viscosity of the medium, 

'fc = Co-efficient of conductivity. 

and Op, c« - the specific heats at constant pressure and volume. 

The contribution of the second term is generally much too small compared 
with the first term, so that the absorption is determined by the viscosity 
of the material. It has been found tlmt the calculated absorption on this 
classical line, is much lower than the observed absorption in the case of 
gases, whereas, itt case of liquids the observed absorption is, as a 'rule, much 
highes than the calculated values. It was further found that in case of 
those "gases, where high absorption has been observed, there is observed a 
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T • .1 1 have not shown any well-established 

dispersion as well. Liquids, i 

and uoteworlhy dispersion ill the supersonic region. , , i i 

and Rica »*'■" "fial 

n,c,n,v, naacd on w„a. ia Icnown “ ' d. i n Tfonn 

idea of Uiis mechanism is that the m)pic.ssecl entity, \miu . r , 

of translatory energy, is not generally immediately 

of molecular energy. A definite time is required beiore the translato y 
energy can be converted into oscillatory energy. If the time period of the 
impressed energy is comr.arable to this time, a part of this impressed energy 
will not he assimilated into iiileriial energy. When the impressed energy 
i.s not as.simi]atccl, the .siiecifie heat decreases and the velocity increases. 
This gives rise to a dispersion. Kurtlier for a Iniimonic distui banco, any 
variation with lime involves an imaginary quantity. It is then automatically 


a-ssoeiated with absor|itioii. 

The theoretical expressions derived from this relaxation jiriiiciple ex- 
l)lani((.UlicMibsoiT)tioiT aiid clisiWM phciioinenoji in gases in general. In 
tile cjusc of liquids, l)0\\e‘ver, the theoretical position in explaining the 
expeiimental observations was found to lie very disappointing, Atteiiii>ts 
by many, such as, Lucas and Uiquard (1937) Clays, hnC^ia and Sack (19^7) 
to find out suitable theoretical exj'lanations were all unsuccessful. 


Dutt (193S). following this relaxation mechanism suggested by Kneser 
(1938) and using certain thermodynamic relations, developed a theoretkal 
expiession foi the dispersion of supersonic waves in liquids. The expression 


r - 
* 00 . 

17 2 ' 

I 0 


I 'I' -l'n.T 




X 


is given by, where and I-'^u 'are velocities at very high and Very low 
frequencies, i/ is the co-cfficient of exiiansioii, a is the co-cfficient of cotnpressi 
bility, Vm is the molar volume and is related in the following way 

r = and idT^ c iF{o>)dT 

where c^idT denotes the change in energy due to the assimilation in the 
internal degrees of freedom and should be considered as a function of fre- 
quency. CfidT. denotes the change in energy in other possible ways, like 
translatory motion etc. 

Calculations based on this fonnula showed tliat the value of 
for toluol, xylol, aniline, c arhon-bisulpjiide, etc., varies from 1,01 to 1*057 
and that in the case of water no dispersion is expected. Kxperixnejitally, 
how evei , it has been repo l ied ])y a nuniher of workers (Spakovskij (1935 isnd 
^937^* Hicdeniann, vSeilen ai:d &ehcnrcr (1936); Parthasarathy , (1935 and 
1936)) Dutt (x93S); Richardson (icqc);; that in the case of liquids in genfetal 
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although a very high order absorption is generally obtained no well-defined 
dispersion has ever been reported. In the case of water, some very conflicting- 
results have been obtained by various workcr.s, Dutt (1938); Dutt and Ghosh 
(1941) ; Bar (1938) ; Matossi (1939); KrUhnau (1939). 

Thus while in the case of absorption, we have practically no theoretical 
e^rplanation for the experimental observations, which arc rather definite; in 
the case of "dispersion both theoretical and experimental observations are not 
only inadequate but vague. 

A theoretical expression for a 1 )Sorption of supersonic waves in liquids 
was derived by Dutt and Ghosh (1939) on the basis of relaxation principle. 
The expression so obtained, was found to contain the expression for dispersion 
and the frequency for maximum absorption which corresponds to the 
frequency of inflexion Wi in the curve for dispersion vs. frequency. The 
expressions so derived are given below ; — 


(a) = 






I + (v/r 


V'o") = ivj - 

i + iv/vj-* 


(d) (x/v®= 

Vv„, 


Where /r- is the co-efficient of absorption per unit wave length. 
/V“is the co-efficient of muxirnuin absorption. 


cx — is the co-efficient of absorption per unit length, 
v,„ — is the frequency for maximum absorption. = 


v-is the frequency at which the absorption is measured. 
V — is the velocity at this frequency. 




f/e. i. 
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Kneser had worked out a general dispersion formula and had derived 
some similar expressions as given above. The present derivations! although 
Iwised on relaxation principle of Kneser and others, involve some thermo- 
dynamical relatiou.s for liquids and contain known constants. It has thus 
been itossiblc to calculate theoretically the amounts of dispersion and the 
frequency of dispersive region for liquids- 'J'he conclusions tJiat directly 
followed from these theoretical calculations arc 

(i) The frequency for dispersion in the case of liquids is of the order 
of io'*c/s, llie altaimnent of which is not possible with the present day 
experimental ari'iuigenicut fllhagabantham and JRao, 19j^6). Ihis explains 
why dls])ersious in liquids in gtiieral have not been, so far, experinientally 
established. 

{2} Thcie is a grou]) of liquids such as CH3 C'OOH, CHsCOOCHg, 
CUsCt XlCgHr,, eSu etc., which show what may be called anomallous absorp- 
tion and dis]iersion. 

(ij) In general, the experimental observations in liquids can be 
accounted for. 

(4) No absorption is expected in the case of water according to this 
theory and it should not have any dispersion and its frequency of dispersive 
region conies out to be an ambiguous one- ICxperimentally, however, water 
.shows quite cn appreciable aiiiuunt of ab.sorjition and many contradictory 
results are reported for disiicrsiou. 

The amount of dispersion in water was, however, measured by Dutt and 
(.'.bosh (1Q41) employing a method which eliminated all possible sources of 
ei 1 01 s that might have occiiiied in the experiments of all other workers in 
the line (Bai lo.sS, Motossi 1939 J Krishnan 1939; Sorensen 1936). 
It was established that at about 33“C temperature, there is dispersion of 
1-5 ±0.2 parts in 1000, in the frequency range 3 to 30 Mc/s. The dispersion 
in water reported jneviously by Dutt (193S) among others was 1.7 ±0.2 in 
1000 at a teiiiperalurc of about ey'C. It was also found by Dutt and Ghosh 
(1941) that the amount of dispersion decreases with increasing temperatures 
as al^o with increasing concentrations of MgSO^ in water. 

in view of this observations on MgS04 the case of electrolytic solutions 
can be considered m the following way. The equation may be wjilten in 
the form 

also the sound velocity, V is given in the form, 
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where p is density and adiabatic compressibility, For ■ Electrolytes ^„a 
is linearly dependent on concentration in the follo\/(7ing way, 

+ Ac + Bc^ 

where i4 and B — are constants, c— concentration.and —compressibility of 
the pure solvent. 

Therefore we have 

«/ v8 = (p)i il 3 ^ + Ac + 

‘^m 

which shows that (assuming variation of the ratio with c is small) oc/v* 
is directly proportional to a certain power of concentration and when concen- 
tration is constant, it decreases when the frequency is increased. This has 
been experimentally verified by Buss (1938) for MgS04, Na2S04, NaCl 
and NH4CL 

Now since « is given by 

and n the co-efficient of absorption per unit wave length is given by, 
We get, by substitution in 


also since fi= in tan <f> 


V.Vm 



V. 


and tan ^ = 




on simplification we get. 


+ — u>j,r® + bx^ — o. Where nj /^n^v. 

b=/iv. 

and F,s»/Fo®==.-v;®. 

by giving any two values to and v, this becomes. 



b^ — hi 


(pgVg - 

-mi .. ^ 

■ 

{ ■ _ 

H Y 

uvJ 

\ 4»r®vi 

4ar‘^Vg / 

\ ^ / 


The experimental Values for pj and yg at vj and vg for MgSOi are available 
from the works of Baauline (1938) so that the values of «< and a;= F,/Fo 
can be obtained from the above expression. 

Thu^ in this case also, the dispersive region lies in the neighbourhood of 
■Ip® c/'s. Even in this region the effect is rather small at comparatively lower 
concentrations. At higher concentrations the effect is ipore marked and 
5— i7iaP— a ■ ' , 
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becomes a measurable quantity. But it shows an increase with concentra- 
tions while our experiments show a decrease with concentrations. 


TABte I 

Dispersion in MgSO* solution— (Theoretical.) 



Frequency range 



“ (■ 

cojiccHbaiioti 

Fj -\'^,ir)2,(K»0 CpK 

! 31,620,0^0 rps 

Frequency corres- 
ponding tf) the 
frequency of 
! inflexion 

Dispersion over 
this frequency 
range 

M(*J/ litre. 

(Expil.) 

/Uj K lU® 

j (Kxptl.i 

0.01 

‘i‘437 

1.8125 

1.648 

1.0002936 


0 625 

3-500 

1.516 ,, X 

1.0003864 

0.47 

1.812 

6.312s 

1.433 1. 

1. 00106 


Table II 

Dispersion in MgSC^ solution — (Kxpenmental) 


To be added to 3i‘'C 


Temijerntnre read 
BeclcTuaini thtrmo- 
nieler 




3 04 

3,05 

a.4t 

Ml 

1.75 

1*76 


H.F, 

3-t'5 

3.05 

2 41 
2,42 

^-75 

175 




bow fre- 

High 




Concen- 
tration 
Mol /litre 

quency 

frequency 


Dispersion 
(after deducting) 
1.5 ±0.2 

0/00 

biquids 

Order 
of the 

Mean 

Order 
of tlie 

Mean 

Ratio 



spec. 

tra 

dist- 

ance 

.spec- 

tra 

dist- 

ance 


for water 

Water 


3 

6.016 

1 

19.708 

9.827 


MgvSCb 

0.229 

2 

3.902 

1 

19.212 

9.842 

“0.0±0.2 0/00 

Water 

... 

2 

1.0J1 

1 

A9705 

9-825 


MgS04 

0.475 

3 


1 

19 400 

9845 

“0.7i;o.2 0/00 

Water 

... 

3 

I 

6.030 i 

I 

19.820 

9.861 


\ J 

0.700 

3 

! 

5-936 j 

I 

19-633 

9.886 

— 1.0 ±0,2 0/00 


The same method that vsas employed to measure the dispersion effect in 
the case of water (Dutt and Ghosh, 1941) was followed in this case as well. 
Ihe experiments, however, could not be continued as the H.F, crystal got 
damaged in the course of experiments. * 

^ We may now proceed to explain these observations in the case of water 
4xiu of solutions with water as solvent, 
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In geixeral, in tbe caae of relaxation theory the equhibrium between 
vibratioinal and translational energy is songht through temperature and change 
in specific heats, etc., and the variation in compressibility always comes into 
considerations for velocity changes of supersonic waves through liquids. 
It is possible that in addition to this, some other factor due to the interaction 
of molecules while in the process of vibrations, is involved giving rise to 
two tyijes of absorptions, one on the basis of relaxation principle and the 
other on the basis of molecular interaction. This we consider in the 
following way : — 

It is generally seen that absorption in different liquids, measured experi- 
mentally, is usually greater than the calculated ones. So it is quite possible 
that the differences between the two values is due to the contribution from a 
source other than from the relaxation mechanism. 

In gases, the molecules are far apart and consequently there is little or 
no interaction cxce])t when colli-sions take place between molecules. In 
liquids the molecules are nearer and the molecular interaction is immense. 
The molecular interaction assumes the form of mutual influence of electronic 
atmosphere. 

When a sound beam is propagating through liquids, during compressions, 
the molecules may come so close to each other that they affect each other’s 
electronic atmospheres. As a consequence, vibrations in the molecules will 
be .started. The energy for these vibrations will be derived from the energy 
of the propagating sound waves. Since these vibrations will not be in 
equilibrium with tempei’ature, they will lend to be lost quickly by collisions 
or otherwise. Now it is very uncommon that vibration will be transferred 
to other molecules as vibrations, 'fhat is to say that resonance for vibrational 
energy is an exception rather than a rule, and as such the vibrating molecule 
will give out its energy not in one degree of freedom but many, not in one 
form, but will be divided up in vibration^, rotational and trauslatory forms 
of energy. 

In relaxation principle we consider that the extra energy, imparted to 
the liquid is at first in the form of energy of translation. Due to this higher 
translatory energy, the system is heated and other forms of internal energy 
are excited. Further a definite time is required for this transference of 
energy from translatory to other forms of energy. It is this time factor that 
isj the controlling, unit, so to say, to determine -vyhether the transference is 
complete or incomplete. If the transference is not complete the unassimi- 
lated energy heats up the, system causing changes in specific heat etc. In 
the type of molecular interaction as , considered here the ' transference is a 
direct one and as such is Capable of exciting very high vibrations in the 
molecules that do nqt ordinarily come into the relaxation theory and is 
therefbte left out of consideration. In this new mode of absorption; the 
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cotiipressibilily variations do not come in, except as a second order effect which 
might set in at high frequencies. In other words, generally in case of liquids, 
absorption should be unaccompanied by dispersion except at very high 
frequencies. This accounts for the absence of any dispersion in liquids at 
ordinaiy frequencies. 

Dispersion in Dispersion in water also can be explained on the 

basis of this new mode of vibrational theory. 

The water forms what may be called a structure or association of a 
number of water molecules. Now^ when the H^O molecules vibrate 
in tlie sound waves proj)agating through the liquids, the molecules may, 
on coming near each oilier, so transform their electronic atmosphere, that 
a new mode of vibration level as stated above, may be operative for the 
nuclii. The vilirational energy may, on account of this, rise so high that 
the water molecules may liave to separate themselves from the existing 
structure in conformation to the new mode of vibration. As a result the 
com]jressibility will be affected and so the velocity. 

Now it may be shown why the velocity in water will be higher at higlier 
frequencies. 


During each vibration, some free molecules of water are set up. They 
tend to 1 ecombine again, Hence there will be an equilibrium belw-een the 
two opposite tendencies. Tlie higher tlie frequency of the sound weaves the 
greater will be the equilibrium shift towards the greater number of free vyater 
molecules, and compressibility will be less than at lower frequencies. Velocity 
i.s highei a I higher frequency and hence the dispersion. 


'lunpifaiine iffeci on dispeisfon. As we have seen before, dispersion 
decreases with increasing temperatures. This is due to the fact that at higher 
temperature vve have greater number of broken up water structures due to 
Itinpciature amne. So tliat at higher frequencies, at this temperature, the 
available number of water structure is less, with the result that the equilibrium 
s 11 owart s t o gi eater number of free water molecules is less than at lower 
temperatures Consequeiitl>-, lowering of compressibility by increasing the 
frequency at higher temperatures is less than that at lower temperatures. 
Thus dispersion decreases with increasing temperatures. 

experimental observation w'iry dispersion in 
_ solution m water decreases with increasing concentrations. The 

introduction of MgSO^ molecules into water results in the breaking qp of 
water structures iii the same way as the increase of tempereiture. 

variation Gliosh, (1943) have reported the 

stand point of .rnijc;:, 
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tfa^sc curves with the curves for viscosity vs\ coticeiitratioii/'soiue interesting 
points were revealed and it was suggested Uiere that the velocity of supersonic 
waves in electrolytic solutions has got to be considered from an angle from 
which viscosity of tlie solution might as well be viewed. 

The theoiy outlined above for the dispersion of supersonic waves in Water 
on the basis of molecular interaction and breaking up of the water structure, 
can also be further extended to explain the above curves in general. 

The details will be reported in another paper. 
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MICRO-WAVE RADIO BLIND LANDING SYSTEMS FOR 

AIRCRAFTS 

Bv A. N. BHATTACHARYYA 

iRcccived for publication. Sept. 24, tgiS) 

ABSTRACT. The sy.stem nse.s 1 wo rotating sliarpl.v delined radio beam.s radiated from 

two rotating aerials using paraboloidal rellector.s and excited with micro-waves. The two 
aerials rotate in opposite directions in a plane which is inclined at an angle « to the 
earth '.s .snr/ace. The rotating movement of the aerials is so synchronised that the radio 
beams .sinmltaneously cross the vertical plane which is perpendicular to the line joining 
two aerials It will be seen that the moving beams trace a line or path in the said vertical 
plane, which is inclined at an angle a to the earth's surface. The angle a is the desired 
glide angle. 


introduction 

A known micro-wave radio blind landing system (Mil — CAA Micro- 
wave system) operating at frequencies of the order of 750 Me uses two 
sectoral horns f( r the localizer traiLsmitter, the glide iiath being established 
by means of a second pair of horns. Kqnisignal localizer path and equisignal 
glide path arc obtained in this system. The .system described in this paper 
operate at frequencies of the order of 20,000 Me and there is no necessity 
of separate localizer and glide path beacons. Vertical guidance is obtained 
due to the fad that the beams are very narrow, say 2'' in the vertical plane 
(referred henceforth as P) normal to and passing through the middle point 
of the line joining the two aerials, Lateral guidance is obtained because 
the two beams simultaneously meet only at the said vertical plane. The 
glide path is defined by the line of intersection of the said vertical plane and 
the plane inclined at an angle a to the earth’s surface in which two aerials 
rotate. It may be mentioned that during the last five or six years radar 

piiuciples have been applied to ground based landing aids exclusively for 
the military use . 

DESCRIPTION OF THR SYSTEM 

The aerials 1 and 2 (Pig. 1) are similar and of the type using paraboloidal 
leflectoi (Tig, ..) and excited in the same phase with very hi^h frequency current. 
They are spaced nearly 400 yards apart and the runway is equidistant from each 
of the said aerials, i and 2 are situated at equal and suitable heights above 
t e gioun . hey aie also arranged to rotate in opposite directions in a 
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plane mclined at an angle « to the earth’s surface which is the desiied 
glide angle. The rotational movements of the aerials i and a are so 
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syuehronised that the beams radiated therefrom simultaneously meet at the 
veitical plane P containing the runway. Such synchronism is obtained 
by using “ Selsyn transmitter and receiver ” which is w'idely used in ladar 
syslem.s and illustrated in Fig. $. The transmitter and receiver are elec-r 
trically identical, each comprising of three stator windings wound in slots 
in the stator core and displaced 120® from one another and a rotary winding. 
When connections are made as shown in Fig. 5 ^be rotor windings are 
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energised by alternating current from the same source the rotor vvinding 
of the receiver takes up an angular position that corresponds to the position 
of the rotor in the transmitter. By using suitable gearing at the receiver 
which drives the shaft of one of the aerials say i through an intermediate 
mechanism, i may be arranged to rotate in opposite direction to that of 2.(Fig» i) 
If “ Selsyn transmitter and receiver system " which is also widely known 
as “Synchro" is not able to supply sufficient torque a servo-mechanism 
may be used. 

The beam width 0 between nulls, in degrees assuming that the radiation 
from the exciting antenna is onmidirectional is approximately given by the 
equation 

(^) 

where D/A. is the mouth diameter in wave lengths. If 0 is 2^ and D«*»i 
metre it will be seen that A is of the order of 1.46 c.m. Magnetrons using 
cavity resonators are capable of producing continuous wave power at levels 
as high as several kilowatts even when such high frequency waves are to be 
generated. 

When continuous waves are radiated from the aerials i and 2 the receiver 
in the aircraft includes a cathode ray tube 9 (Pig.41. The centimetre wave 
receiver 7 (Fig. 3) comprising silicon crystal mixer, klystron local oscillator and 
I.F. amplifier and detector stages applies a voltage pulse to the grid of the 
tube 8 (Fig 3 and 4) whenever the rotating radio beams are intercepted by the air- 
craft. The output voltage of tube 8 is applied to theX and Y platesof the cathode 
ray tube 9 so that a line 14 is indicated in the cathode ray lube. The length 
of the line 14 (Fig. 3) depends on the output voltage of tube 8 and its length will 
be maximum when the aircraft follows the glide path or when two beams 
are intercepted simultaneously- 

When the magnetion oscillator is pulsed like radar transmitters, the 
receiver of the aircraft is of the type shown in Fig. 4, the cathode ray tube 
9 uses circular time base 10 (Fig. 4) synchronised by rectangular pulses sent by 
an auxiliary transmitter in the ground. For generating these synchronising 
pulses, the triggering pulses of the modulator of the magnetron before 
amplification are applied to Eccles-Jordan “FUp-Flop ’’ multivibrator which 
generates rectangular pulses. These pulses modulate the carrier of an 
auxiliary transmitter. In this case a stationary pulse 13 will be indicated 
in the catliode ray tube when the output of tube 8 is used to modulate the 
potential of the anode 12 of 9. When the glide path is followed the ampli- 
tude of the pulse 13 is maxinium. 

Two micro- wave marker beacons are used in this system for finding the 
position fixes. Both the beacons use cylindrical pafabolic reJBector with 
closed* top and bottom. The outer marker fan beam is very narrow in the 
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transverse direction of the runway and much wider in the longitudinal 
direction of the same. The converse is the case with the inner mafher fan. 
The outer marker beacon is so adjusted that the wider portion of its beam 
coincides with the vertical plane P containing the glide path. Finding 
out' the outer marker fan the plane jiroceeds through the wider portion of 
the same and glides down to a predetermined height h, at the points. 
At the point A the aircraft will intercept the two rotating radio beams 
simultaneously and jnoceed along the straight line glide path. The point 
B is also at a predetermined height. In some cases the inner marker may 
i)e dispensed with. 

D I vS C U 6 S 1 0 N 

It will be seen that in this system there are no complications arising out 
of reflection of waves from the surface of the earth. In several known types 
of blind landing systems beam switching methods are utilised whereas in 
this system beam sweeping action takes place. If the markers of the known 
type are arranged in the usual manner the aircraft will glide dowm to a 
predetermined height while crossing the outer marker and the cathode ray 
tube will indicate whether the glide path is approached. 

If this system is modified to a " Lock follow Radar Systejxi ” wherein 
the scanner can be automatically locked on to the target, the aircraft will 
in course of lauding continuously receive energy from the rotating aerials. 
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STUDIES OF A SCHRAGE THREE-PHASE SHUNT COM- 
MUTATOR MOTOR 

1. Vector Diagrams at Synchronous and Super- 
Synchronous Speeds 

By H P. BHATTACHARYYA and S. B. DEB 
(Received for puhlication, Feb. 14, 194^) 

ABSTRACT. The paper gives the vector diagrams representing all the currents and 
voltages both on the primary and secondary sides of the Scbrage three-phase shunt com- 
mntator motor at its synchronous and super-synchronous speeds with a view to obtaining 
a better understanding of the working of the motor. 

INTRODUCTION 

The Schrage three-phase shunt commutator motor is a remarkable dis- 
covery ill electrical engineering practice. It is almost like an ordinary in- 
duction motor, having as nsnal, primary and .secondary windings and being 
rotor-fed the stator winding is the secondary. But unlike the induction motor 
it has an extra winding called the ‘Lap winding’ which is electrically in- 
.sulated from the primary but boused in the same slots as those of the latter. 
It is, therefore, assumed that there is no leakage of flux between the primary 
and the lap windings. The lap winding is connected to a commutator on 
which brushes are placed. For a bi-polar three-phase machine, there are 
six half-brushes, each pair of which being connected to two ends of each 
stator secondary phase. This motor can have sub-synchronous, synchronous 
and super-synchronous speeds, the power factor increasing inherently as it 
moves faster and I'astei • Blveii at sub-synchronous speeds power factor im- 
provement can be brought about by suitably displacing the brush axis from 
the common stator-rotor axis. “Owing to these properties the Schrage motor 
is widely used in industrial practice now-a-days. One such motor alone, 
u'hen properly designed, has a wide speed range and thus it is very valuable 
as a drive where large variation in speeds is required. In point of fact, this 
variation of speed may be over such a wide range that it will be necessary 
to use a number of induction and synchronous motors if a Schrage machine, 
is not used. 

Tt is well known that the study of vector diagrams of any A.C. machine 
is essential for the proper understanding of its operations. Each machine 
.of the ordinary induction or synchronous type has one and only one vector 
diagram which provides a scientific explanation for its behaviour. But in 
the case of a Schrage motor, it is felt that its entire operation cannot be 
fully ex;plaiued with the helii of a single such diagram. For each of the 
sub-synchronous, synchronous and super-synchronous speed ranges separate 
vector diagrams ate necessary in order to explain the then conditions of the 
motor. The Vector diagram at sub-synchronous speeds of this motor has 
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been worked out by Arnold (1926) but no attempt has yet been made to work 
out the vector diagrams at the synchronoug and super -synchronous speeds. 
The present paper deals with such vector diagrams. 

V K C T O R DIAGRAMS 

Before describing the vector diagrams it is worthwhile mentioning that 
voltages are induced in the lap winding clue to the primary at the supply 
fretjucncyi but the voltages collected across any .pair of half-brushes axe of 
slip freQuency, tliat is, fieciueiicy of the au-gap flux. Below and above 
synclironism, the slips are positive and negalive respectively bat at exactly 
the synchronous speed of the motor the slip is zero. T, he air-gap flux iji- 
duces voltages in the stator winding at slip frequencies. Ihese combine 
with the voltages from the lap winding via the brushes- Now since the 
number of commutator segments between any pair of half-brushes can be 
varied by rotating the brush-gear thereby varying the voltage injected to the 
stator, different s])eeds of the motor are obtanied foi different injected voltages- 
It may he noted that the stator induced voltage and the injected voltage fi'oin 
the lap winding are always in opposition. The brush-spread between any 
pair of half-brushes is generally maximum while the motor is at standstill, 
and it diminishes as the motor speeds up to a value very close to the synch- 
ronous speed when the brushes arc short-circuited. Beyond this speed the 
brushes are crossed over atid the voltages are again in opposition, but the 
current (lirough tlie stator flows in the same direction as before, thus accoun- 
ting for the luiidn ecliunal rotation of the motor. At sub-synchronous vSpeeds 
the stator induced voltage dominates over the voltage injected from the lap 
winding whereas at super-.syiichronous speeds the ca.se is reverse. At synch- 
ronous speed, however, tlie stator voltage is theoretically equal to zero, 
although the voltage collected across each pair of half-brushes has a finite 
value and is unidirectional in nature. At this speed, therefore, there is only 
a direct current flowing in the lap-secondary combination circuit, which has, 
however, no influence on the primary side. The diagrams given here are 
all schematic and refer to synmielrical brush positions of the motor, tlius 
ensuring its inherent tendency for the improvement of the power factor 
with increasing speed. 

Ihc following notations have been used. These refer to per-phase values 
and it is assumed that the ratio of turns of the rotor primary and the stator 
secondary is unity, 

T — Primary applied voltage 
111 ~ Primary induced voltage from the stator 
Fractional Slip 

Ratio of effective lap turns for j8o electrical degrees brush dis- 
placement to effective stator turns. 
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«x»s* Ratio of effective lap tutus for brush displacenienti' of/? electrical 
degrees to the effective lap turns for brush displacement of 180 

/ electrical degrees, where, 

« = Sin PI2 

SE, = Stator induced voltage at the slip 'S'. 

£1,= Voltage induced in the lap winding between the half -brushes 
when they are separated by r8o electrical degrees, 

El/ a = Lap induced voltage on the primary. 

«El — Voltage injected from lap to secondary. 

= Primary current. 

/a = Secondary stator — lap combination current. 

R 1 = Primary Resistance . 

A' I = Primary leakage reactance at supply frequency. 

Ra — Effective stator— lap combination resistance. 

A''a = Effective stator leakage reactance at supply frequency. 

Fig. I gives the vector diagram at the synchronous speed. According 
to usual convention the portions above and below the reference axis (the 
horizontal line to the i)lane of the paper here) represent respectively the prim- 
ary and the secondary components of the machine. The stator induced vol- 
tage being actually zero in the present case has not been shown. «El the lap 
induced voltage is the only voltage here in the secondary side for producing 
secondary current I3. It may be noted that «£l is just out of phase from 
Khi'n which is equal to V — where /,Ri is the primary resistance drop. 

Both wEl and 7* are unidirectional here. The motor is synchronous in action 
at this stage and the only difference fiom an ordinary. synchronous motor 
lies in the fact that it has no salient poles, its rotor is taking the A.C. input 
power and the stator is taking the I).C. field excitation from the lap winding 
via the brushes. The primary alternating current I, shall be considerably 
larger in magnitude than the secondary direct current just as in an ordinary 
synchronous motor. 
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Fig. 2 and Fig. 3 represent vector diagrams at super-synchronous si)eed-— 
power factor lagging and at super -synchronous speeds — power factor leading 
rc.spectively. It may be noted here that though the primary currents are 
lagging and leading respectively from the supply voltage, the secondary 
currents in both the cases lag from the respective resultant voltages on this 
side. In each of the above cases there are two voltages on the secondary 
side, namely, the Ia]> voltage cnEi^ and the stator, induced voltage SEi. These 
two voltages after combining with each other produce a resultant voltage 
which directs th.e current L, through the secondary circuit. The primary 
curient I, is lagging from V in the former case and leading from it in the 
latter. Accordingly, the primary resistance drop has been subtracted from 
the supply voltage V in each case to obtain E^/n the lap voltage induced 
on the primary. As in Fig. i, kEj. has been drawn in opposition to Ei^jn. 
The voltage though strictly out of phase from E,, has been lakcg, here 
in a direction parallel to E, in order that it can oppose the voltage ocE^-'. 
At any position if the secondary current be then the primary reflected 
current i, should be given by = (r + p), where p = o^n 

DISCUSSION 

Tt is worthwhile mentioning here that the principle of drawing of the 
above vector diagrams is ecprally apjdicablc when the motor is loaded. The 
only difference that may arise from the no-load condition is in the degree 
of the lag of the primary current from the applied voltage, which is defini- 
tely less for a lo.adef"' motor. A rnotor at no-load docs irot ordinarily attain 
a leading pc’,\er factor nt a .super-syrrehronous speed. Also the possibility 
of not taking a leading current from ihe supply is not far from truth even 
for a motor running at full load and at highest super-synchronous speed. 
Leading power factor is encountered only in special cases. The primary 
magnetising current which is .small has not been shown separately in the 
diagrams. 

'Ihe evaluation of the various performance characteristics of this motor 
which is likely to throw new light on its performance will be reported in 
a subsequent communication. 
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FiSSION CROSS-SECTION OF URANIUM'’'® FOR THERMAL 

NEUTRONS 

By SUKUM'AR BISWAS, ANT) A. P. PATEO 


{Rficcivcd for pubUcaiion, March, rs, tQ4g) 
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ABSTRACT. 'J'he cro.s8-S)ectioti of fission of for thermal neutrons has beeh 
determined in the present work. The copper cathode d/ a proportional counter was coated 
S(rith ekctrolyticall)' depo.sited U-coinpoond which was converted to UjOg hy heating. The 
exact amount of tt was determined by accurate weighing. The fistsion counter and a 
Ra-He neutron .source were placed inside a large paraffin block. Operating the counter 
in the proportional region l.irge fission pulses were detected against a background of natural 
«-ray pnkses, with usual amplifier, di.scriminator, scaling and recording circuits. Tn order 
to.scparate the effects of thermal neutrons, the observations were taken with and without 
a imm t.'d-shield round the counter and the difference gives the rate of thermal neutron 
fissions, wlik'h arc ascribed to isotope. To measure the neutron flux a BFj counter of 
identical dimcn.sioti.s was placed in the same position in the paraffin block as the fission 
counfer and the number of thermal neutrons were counted with the Cd-difference method. 
Iking the .well-known value of ir,« for boron, the value of O/v w’as obtained. Hence ff/ 
(pjas) ffir thermal neutrons was determined as (526 ± 10) x 10 cm*. 


INTRODUCTION 

Since the discovery of fission of uranium nucleus under neutron bombard- 
ment by Hahn and Strassmann in 1939, various aspects of this new pheno- 
menon engaged active allention of a large number of invesiigators. As in 
other types of nuclear reactions, one of the most important aspects of fission 
phenomenon is the probability of the process. The absolute probability of 
any nuclear reaction is expressed by the cross-section of the process. The 
cross-section of fission is defined for thin target as 


where n} “number of fissions per unit time 

I “Dumber of incident bombarding neutrons per unit area per 
unit time. 

n “number of uranium nuclei. 


The advantage of expressing the probability in terms of cross-section lies ' 
in the fact that this definition is independent of any particular experimental 
condition an4 expresses the absolute probability of the process involved, 

.According to early observations thermal neutrons were found more efifedtive 
ui producing fission. Anderson al (1939) obtained the value of v/ for avdfage 
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uranium isotopes as about 2 x io~^* cm® for thermal neutrons and the value of 
<r, for fast neutrons as about i x lo'®* cm®. These early observations on assbu 
cross-section were rather preliminary and uncertain due to the fact that the 
mechanism of fission and its dependence on tlie neutron energy and isotopic 
property of uranium were not clearly known. Bohr and Wheeler (1939) first 
showed from theoretical study of fission process from the liquid drop model of 
the nucleus that U®*'^ is fissionable with only fast neutrons having a threshold 
energy of about .75 Mev and the rarer isotope IJ®’’''.is fissionable with 
thermal neutrons and this has a large value of fission cross-section. These 
theoretical predictions were first verified by direct experiment by Nier (1940) 
with the help of separated U-i.sotopes. Nier (1940), how'cver, could not obtain 
the precise value of fission cross-section because the amount of isotope that 
was .separated by mass spectrograph was not definitely known. He estimated 
the value of tr/ for 17®’^ for thermal neutrons as 400 x 10"®* cm® to 500 x 
cnr. Since then no value of for U®*® has been reported in literature. Hence 
the present work is undertaken with a view to determining the fis.sion cross- 
section of U®*® for thermal neutrons which is of fundamental importance in 
atomic energy work, although it is certain that this important value is known 
to a few selected investigators in this field. 

T H K a R y OF T TI Tt E X P It R I M P N T 

In this experiment a ‘uranium counter' was employed to observe the 
fission phenomenon. A thin optimum layer of UaOg was deposited 
electrolytically on the inner surface of the Cu-calhode of a proportional 
counter. The amount of UgOn deposited was determined by accurate weighing 
of the counter before and after deposition. This was filled with argon and 
organic ether vapour in the conventional way. This counter was placed 
inside g large paraffin cylinder at a suitable distance from a Ra-Be neutron 
source placed inside paraffin, and thus IT was exposed to a flux of neutrons, 
a large percentage of which is of thermal energy. The counter was operated 
in the proportional region so that the output pulses were proportional to 
initial ionisation. The natural a-particles in U produce corresponding pulses. 
Any fission of U nucleus pioduces very high energy fission fragnients whose 
specific ionisation is many limes that of w-particles. Hence proportionally 
large pulses were obtained in fission when the counter was wofked in the 
proportional region. The discriminating bias of the recording circuit was put 
at a suitable high value so that only fission pulses and no w-pulse were counted. 
Since each fission piocess is accompanied by two fragnients flying in opposite 
directions, only one pulse was produced per fission and consequently whatever 
be the direction of fission fragments, one ionisation was produced. Since both 
slow and fast neutrons were producing fissions and since cross-seCtions of 
fission is a function of neutron energy, neutrons of definite energy or energy 

group are to be selected out in order to ascribe definite meaning to the cross- 
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sectipu value obtained, Tliis was most cQsveuieuUy done by *tlie cadmium 
difference method. The observations oh fissions were taken with and without 
a Cd shield of i mm. iu thickness placed round the counter. Since Cd absorbs, 
all theniial neutrons of the energy of the order of .025 eV, the d'ffctcuce 
between these two readings gives the number of fissions caused by thermal or 
C'group neutrons. Since it has been conclusively shown by Nier (1940) that only 
TJ*®' nuclei are fissionable by thermal neutrons, the thermal neutron 
fissions are ascribed to U**''' atoms present in uranium. The ratio of 
present in natural uranium is taken as 1/139 according to 
Nier’s determination (1939). Thus «>■ and n of relaiiOn (i) are determined. 

To determine Ihe neutron flux 1 , a neutron counter filled with BFj is 
employed. This counter is of identical geometrical dimensions as the 
uranium counter and is held in exactly the same position as the uranium 
counter. The BF# counter is operated in the proportional region so that big 
pulses are produced corresponding to B"' (», a) l,i^ disintegration in the 
background of small secondary electron pulses due to Ra v» ays. The discrimi- 
nating bias is adjusted so as to record only big pulses. The number of neutrons 
counted in a BF3 counter is given by the relation as given by Korff 
(1942, 1946) 

N = VLpJ I{vMv)dv ; 7 (v) = i>v, tr{v) =~ 

.'. N—VLpp<rnVti ••• ( 2 ) 

where F= sensitive volume of the counter 

L=I.oschmidt number 

/?!= pressure of the counter iu atmospheres 

P = density of slow neutrons ' ' 

•cru a* capture cross-section of B*” for neutrons of known,, 
velocity v« 

Hence the neutron flux of velocity vil through the counter is 

l^NiVLp(T„ ( 2 ) 

With these relations efficiency of the counter for neutrons of velocity rn can 
be calculated as givcn'*by 

Up-Lpfr„.d 

where d is the average path of the neutrons through the counter. This may 
be taken as the diameter of the counter to a sufficient degree bf 
approximatiop. 
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Since we are concerned with only the thermal uentions, the neutron 
counting is made with and without a thin Cd-shickl. The difference gives 
the niiinber of thermal or C:-group neutrons. With the help of known boron 
absorption cross-section for thermal neutrons, the actual neutron flux of 
velocity V, per second is calculated from the number of thermal neutrons 

counted. 


The absorption cross-sections of boron have been determined accurately 
by a number of investigators by neutron velocity spectrometers and boron is 
found to obey i/v law of absorption very accurately. Recent values of 
boron absorption are 


(TaV^i.di ± 02 X io“*^ cm*.metie//Asec. (Sutton ct al, 19.47) 

traV = i.63 X 10"^* cm®. metrc/i«sec. (Rainwater & Havens, 1946) 

cr„r = i.55 X lo”®* cm®, metre/ /rsec. (Bachcr, Backer & McDaniel, 19.J6) 

Using Sutton’s value of or„v and v, 1,-2200 metres/sec. for thermal neutrons’’ 
(ii = .036eV), o-a for boron is 732 X lo"®^ cm®. ' ' 

Since experimental observations by Anderson et at (1939) indicate that 
thermal neutron fissions most probably obey i/v law, (T/t will be a constant 
quantity. Hence using the value of of boron, (T/d for is obtained. 

For thermal neutrons of energy (jt/.O kT=.o26 eV, velocity v,,, is 2200 
mctrcs/sec. ; hence <r / (U®*®) is calculated for thermal neutrons. 


E X P E R I M E N T A I, M E 'I' H O D 
A. Fission Counter 

In the fission counter a uniform film of UsO» was produced by electrolysis 
of a solution of aiiimonium diuranate in ammonium carbonate- A copper 
cylinder 15.2 cm in length and 2.9 cm, in diameter was made from 5 mil, Cu- 
sheet and a thick tungsten lead was sealed at one end. The cylinder was 
throughly cleaned with NaOH and chromic acid solution, dried and carefully 
weighed in a semi-niicrobalance. 5 gms of pure uranyl nitiale was dissolved 
in water and uranium was precipitated by ammonia. The precipitate was 
thoroughly washed till free from nitrate and then dissolved in mo c.c, of 2 N 
NHjOH solution containing 10 gms of (NHJa CO.-,. The solution was 
filtered and kept as a stock solution. 

A number of test experiments were performed to find out the best condition 
for a coherent deposit. The cdpper cylinder was placed in a glass cylinder of 
slightly wider diameter and a platinuip foil which served as an anode wrapped 
round a narrow glass tube ran along the axis of the copper cylinder. It was 
found that a solution concentration equivalent to .005 gms of U^0« per c-c., a 
current density of about .03 amp/cm® and a short time (6 minutes) gave the 
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most satisfactory deposit. Au electrolysis for a louger jieriod precipitates a 
greenish substance probably due to cathodic- reduction. This is, however, a' 
nuisance for coherent deposit. t 

In the final experiment a solution of concentration equivalent to .0056 
gms of UsOb i)er c.e. was taken in the glass cylinder and the copper cylinder 
which served as cathode was placed inside it and tlie platinum foil which 
served as anode was fitted as described above. , 2.8 amp. of current was 
passed for 5 minutes fiom 220 V mains through an adjustable resistance. 
After electrolysis the copper cyliudef Was caiefnlly washed and a coherent 
deposit of hydrated oxide somewhat brown in colour was thus obtained. 
The cylinder was dried in air and was heated in an electric furnace at 400'C 
for two hours which turns it to UgO* that formed a jet black coaling. The 
cylinder was again weighed and the increase in weight gave the weight of 
Ua Qa deposited. To guard against errors due to deposit of some oxides of 
copper, a copper cylinder of identical size was weighed and heated along 
with the ■ counter cylinder. The increases in weight was. deducted. (The 
increase ; was only .0^^112 gins., i.e., about 1.5% of uranium deposit). 
The values are given in. Table 1 , The amount of XlgOg Was .47 
ing/cm®. This being much less than the range of fission fraginents in UgO* 
(about 10 mg/cm®), all fission fiagineuts could emerge from the deposit and 
hence were counted. 

With this coated copper cylinder a pyrex glass G-M counter was made 
with a 4 mil. tungsten wire as the central wire. This was filled with 
argon and petroleum ether vapour to a pressure of 14 cm. of Hg. of which 3 
cm. was due to organic vapour. The starting voltage was about S50 

yolts. 

B. Neutron Source and Counter Arrangements in Paraffin Medium 

The neutron source was a 40 mC Ra-Be source. This was contained in 
four brass capsules, 10 mgs. in each. In order to slow down the neutrons to 
thermal velocities, a paraffin cylinder 25 cm. in diameter and 22 cni, in height 
was used. The counter was introduced inside paraffin through a hole 3.8 
cm. in diameter along the axis of the cylinder. The source was introduced 



Fig. 1 

Schematic diagram of the arrangement,' 
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ia a small hole paraJlel to the axis of llie cyliuder at a distaucc oi S.Z cm. 
from the axis. At this distance the slow neutron intensity per unit area was 
found to be near about the inaxinnim as observed by Fink (1Q36). The arrange* 
ineut is dragrammatically shown in Fig . i. As given in Sec. 3D, 93% of neutrons 
counted with this- arrangement were slowed down to below .2 eV as 
determined by I mm Cd filter. 

('. Neutron Counter 

The neutron counter was made with a pyrex glass envelope having similar 
geometrical dimensions as the uranium counter (Cu-cachode 15.2 cm. long, 
2.g cm. in diameter). The copper cathode w'as oxidised similar to 
conventional til-M counters. This is filled with BF., at a pressure of 
2t.6 cm. Since BFj attacks rubber, the filling system was made totally 
of glass, as advised by Korff (1942). A small rubber tube was employed only 
at one place but this was discarded immediately after use. Commercial 
BF3 was purified to some extent by passing over concentrated HaSO* 
saturated with BaOn which absorbs niQislure and HF if present. The 
st3,rtiug voltage of the counter was i860 volts. The counting rate-voltage 
curve of the counter with a 10 mC Ra-Be source near it is shown in Fig. 2. 



The proportional region extends up to 2160 volts beyond which there is the 
Geiger-region. The background of the counter was i count per min. The 
efficiency of the neution counter as calculated from Boron absorption cross* 
section was 1.58% for thermal neutrons. 
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D. Detecting Circuits and" Measurements 

The schematic diagram of thCjdeteeting circuit is shown in Fig. i. 

The high voltage stabilizer used to supply the cathode voltage of the 
counters was a modification by Bauer jee (1942) of the lSfehei*Pickering’s 
circuit (1939). Stabilized voltages up to 2600 volts could be giv<m from 
this stabilizer. 

The quenching circuit employed was of Neher-Pickeiing type (193S), 
output pulses being taken from the cathode. This was fed to a two-stage 
linear amplifier having variable amplification. The output pulses from the 
aiUplifier were observed in the oscilloscope and passed into the discriminator, 
scaling and recording circuits. The discriminator and the scale of 8 circuit 
were of Don D^Vault (1943) type with some altered values of circuit 
constants. For slow counting as in uranium fissions scale of 2 was employed, 
while for fast counting scale of 8 was used. The recorder was a Cenco 
impulse counter driven by a current through a 6V6 tube which is- normally 
biased to cut off. Positive pulses from the scaling circuit trips the recorder. 
Two power supplies were employed, one for the amplifier and the other 
for the scaling unit. 

Since the 40 mC Ra-Be source produced about 5 fission counts per min. 
the counting was taken for a long time, about 12 hours, in order to bring 
down the statistical error in counting to about i per cent. The- fission 
counter was operated at 930 volts, very near the starting. The amplifier 
was used with minimum amplification and discriminating bias was kept at 
115 volts. Fission counts were taken without and with a Cd*shield .5 mm 
thick round the counter for 12 hours each time 

Next the neutron counter was placed in the same position as the uranium 
counter. The neutron c<mnter was operated at 1920 volts. With the amplifier 
gain set at a certain intermediate value discriminating bias of 20 
volts was employed. The counts were taken with and without the Cd- 
shiekl. From these countings it was observed that 93 per cent of the neutrons 
counted were due to thermal neutrons. 

Tabi.e I 

' Weight o( UjOg deposited == .06480 gms. 

Weight of Cu-oxides = .ooiiagms. 

Exact weight of U3O8 = .06368 gtns. . 

•Amount of U = .03400 gms. 

Amount of U**® '■ .000383 gnis. 

No. of U«s atoms =9.7X10**. ‘ 

Thfi results are given in Table II. 
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Table II 



Time 

Total counts 

Counts /itii'n 

r'issioii counts- witticmi Cd-shield 

12 hrs. i 

] 

.W '±42 

5.53 ± .05 

I'ism'oii counts witli i luiii. 

Cd-sliielrt 

1 

13 hrs. 

1462 ± 26 

3,03^.03. 

Pi.ssioii euunt*^ with Thermal 
neutron *.5 

12 hrs. 

2538 + 49 

3. 50 ±.07 

Neutron oounls without Cd* 
shield 

5 min* 

20016 + 91 

i 

1 

4003 i IQ ' 

Neutron t‘f»unls with i mm Cd- 
shidd 

5 min. 

1 1.35^ 

371+ 7 

No. of Thermal neutrons j 

5 mill. 

j 866 o ± 100 

5732 + 20 


Taking ihe value of <r„ v for boron = i.6i x cm^ *inetre//Asec. 

with absorption cross-scction <^fl(B) = 73 2 ±9 x cm® for .026 eV neutrons) 

for fission of (Tf (U“ ’") x xj:-i.i 6± .02 x cm®, metres //^sec. 

Assuming a — 2200 mctres/sec. for .026 eV thermal neutrons, fission cross- 
section (IJ*’*^) = 526 ±io X 10"’®^ cm® for ihernial neutrons of *026 eV 
energy. 

I> 1 S C U S S 1 O N 

Since boron absorption cross-scction obeys ilv law accurately up to 
10, 000 eV, 7/ IS a constant quantity according to the measurements of 
Sutton cl al (icm 7), Rainwater and Havens (ji 9.^6) with slow neutron velocity 
spectrometer. Using this value of <ra 'v for boron, cr ^ v for is calculated 

assuming that same i/ 7 Maw of absorption holds also for fission. This is 
justifiable from the experimental observations of Anderson ct al (1939)* 
They obscived by comparison of the thermal neutron fission process with 
boi on absorption that within the limits of experimental error fission process 
may be assumed to obey ilv law similar to boron. Hence the measured 
value of (rfV is a constant quantity, and o-j can be calculated for any velocity 
within the range of applicability of i/r law. Since the present observation 
IS mainly confined to thermal neutrons, a , is calculated for thermal neutrons 

of energy — feTt“ .026 eV) equivalent to 2200 metres /sec, 

4 

Fermi and Marshall (1947) obtained the value of boron absorption cross- 
section as cm® for neutrons of velocity 2200 metres/sec. bj* 

mechanical velocity selector. ^ This value is somewhat lower than that 
obtained from the value of according to measurements of Sutton ef al 
(1947) (<^a = 733 ±9 ^ 10*®^ cm® for 2200 in/sec. neutrons). In view of the 
close of agreement of the values of given by Sutton ct al and Rainwater 
and Havens (1946) — 1,63 x 10”®^), the valne of o-e^v for boron is taken 

according to Sutton cl al (1947). - 
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The number of fissions observed is due to the mixed effect* of both slow 
neutrons and fast neutrons i Mev). Since Ra-Be neutron source emits 
neutrons of considerable energy {'--5 Mev) and ~ 3 cm para fiSu thickness is 
used, there will be considerable number of fast neutrons above i Mev which 
produces fission in U®*'*. Slow neutrons above .2 eV produced fission in 
U®"’ whose cross-section is assumed to vary as i/v. The actual number of 
slow neutrons (>.2 eV) is much greater than 7% because the efficiency of 
boron counter decreases as I /v. The estimate of the; contribution of these 
two groups of neutrons is, however, not possible as their effects are not 
separated in the present observation. 

Another point in counting fission jirocesses is that a few fissions will be 
occurring so that the two fragments will fly tangeiitially to the surface. 
They will produce no lOnisation and will not be recorded. However, taking 
isotropic distribiilion of fission fragments, the proportional number of such 
tangential fissions will be less than i {j.c. and hence can be neglected. Thus 
the experimentally determined value gives a fairly accurate estimate of 
fission cros.s-sectiou. 

The value of fission cross section obtained in this experiment may be 
employed to ascertain the approximate order of other characteristics of nuclear 
level structure, c.g., resonance energy, level width and level spacing. The 
dispersion formula of Breit and Wigner (1036) as applied to the fission 
]>heiiomena induced by thermal neutrons, by Bohr and Wheeler (XQ39), is 
used for this purpose. If the levels of the compound nucleus are assumed 
to be well separated so that any particular level is mainly effective, we have : 


iry =7r(A/ 2 !!■)'■“ 


(_2/ + i)_ 

(2.1 + 1) (n/+,i) ■ (r'-Eo)®+rV 4 

where L\', L"'/ and T arc neutron width, fission width and total width 
respectively ; .v, i aud J are spins of incident particle, initial nucleus and 
compound nucleus respectively. Now ,s = ^, i — (Anderson and White, 1947), 
hence /=3or 2. For thermal neutrons = 23x10“*'“, Fn' = lo"* eV, 

so that 

..5j_26 X To““ 

FVh r®/4 23 Xio“''‘xio“" )2.4ify = 2 

= .4 or ,55 {eV“') = /? 


Since 


r 10 or 7 eV. and I Eq | ^ 5 eV. 


r/^ioor7eV. 

If, however, level widths are of the same order as level spacing, the fission 
process will be due to many overlapping levels. In such a case the dispersion 
3— i: 7 iaP— 3 
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{orniula becomes, as giveu by Bohr and Wheeler (he. ciL), 

where d=level spacing 


T^ n^ J _ 23 X lO"’''’ X XOT* 25 

Assuing I / A «« I, d 5,'^x' 10"*“ ’ 2 


14 eV. 


Thus if considerable overlapping of levels is assumed, fission width Ty will be 
at least 7 eV. Since i/r law is obeyed in thermal region first resonance 
level cannot be less than a few eV. Hence is expected as « 4 eV. 


acknowledgments 

The authors express their gratitude to Prof. M. N. Saha, F, R. S., 
for his kind interest and encouragement in the work, and to Dr. B. D. Nag 
for helpful discussions. The authors are also thankful to Mr. B. M. Banerjee 
for his valuable suggestions regarding electronic circuits, and toMr. B. C. 

- Purkayastha for his valuable assistance in the chemical portion of the work. 

Itfti 

iNS'riTiJTi! or Nuclear Physics, 

University oe Calcutta, 

CALCUnA. 


REFERENCES 

Anderson, Efnitli, Danning, Fermi, Glasoe and Slack (1939!. F''.V.s Rev , 66, 51J 
Anderson and While (1947). on. 

Eacher, Packer and McDaniel (194'’'. Rev., 69 , ,143. 

Banerjee, B. M. (1942), Did. /mir. P)iy$., 16 , 87. 

Bohr and Wheeler (1939I, Rhys. Rev., 66, 426. 

Don DeVult , ^1943), Rev. Sci. Inst., 1 *, 23. 

Breit and Wigner (1936), Phys. Rev., 49 , 519 

Fermi, Marshall and Marshall (1947), Phys. Rev., 72 , 193, 

Fink, (1936), Phys. Rev., 60 , 738. 

Hahn and Strassmann (1939), Naturwlss., 27 , ii, 

Korll (1942), Rev. Mod. Phys., II, 1. 

Korfi (1946), Electron and Nuclear Counters, p. 50 (Van Nostrand Co) . 

Neher and Pickering, (1938), Phys. Rev., 63 , 316. 

.. (1939), Ecu. ,Sc/. Jnsf., 10 , 53. 

Nier (7939), Phys. Rev., 66. 150. 

Nier, Booth, Dunning and Grosse (1940), Phys. Rev., 87 , 546. 

Phys. Rev., 87 , 748. 

Rainwater and Havens (1946), Phys. Rev., 70 , 136. 

Sutlon, McDaniel, Anderson andLavatelli (1947), Phys. Rev,, 71 , 272. 



ii 

' ‘ 

ON THE FLUORESCENCE OF SOLID DINORMAL 
PROPYL KETONE* 

By G. S. KASTHA 

{Received for ptiblicdtion, Dec. 27, ig4S) 

Plate III 

Pf»P?' telom ta tl,» »l/d „ ,1.,., 
770 c ten rtnd,od using d/teua enuiting fruqnetees. II is oterndtel to! 
strong fluorescuncutundsul 4537, 5,3,, 53,7 ad y fo ur 

solidified and ^led down to abouf-.7o-C. Tl« tands do not appear at lighe^teioer. 
tures below or above the melting point of tlie substance. These bands are observed 
excjted by Hg lines 404<5 A group and other lines of shorter wave leneth in the «e T 
traviolet. When the solid at -170*0 is illuminated by the Hg lines of still shorter ” ’ 
length m the ultraviolet region, a continuous fluorescence band extending from 4000 A 


I N T R 0 [) U C T 1 1) N 

It vvas first obscM ved by Sirkar and Bishui (1946) that dinormai rn-onyl- 

ketone in the solid state at about - i 7 o“C, when illuminated with light from 
a mercury arc, exhibits strong fluorescence bands in the region between the 

Hg lines 4916 A and 5461 A. It was also pointed out by them that the 
bands did not appear as soon as the liquid was solidified at a temperature 
a few degrees below its freezing point, but they made their appearance only 
when the solid was cooled down to the temperature of liquid oxygen. As 
the fluorescence of lower ketones have been investigated recently (Kaskan 
and Duncan, 1948) at low temperatures and in different regions of the spec- 
trum it was thought worthwhile to study in detail the fluorescence of dinormai 
propyl ketone for different exciting frequencies and at different temperatures 
so that the results might be compared with those for lower ketones An 
improved arrangement for keeping the substance at different low tempera, 
tures has therefore been used in the present investigation to investigate the 
fluorescence of solid dinormai propyl ketone at different temperatures and 
with different exciting frequencies. " 

E X P R 'R I M E N T A I, 

Merck's dinormai propyl ketone distilled repeatedly in vacuum was 
used in the present investigation. The purity of the liquid was tested by 

• Communicated by Prof. S. C. Sirfcar. 
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"'l-W- diaraclcristic Rama, 

pjioto,,! j . fluorescence bands lu the regwo ffoai, 

«rrri>'iicyo]to» dout.fcl of,«c.,ry. »C- Ugnid waa % 

,'•. ™,.aiDer of Pvrcx *iass wWci was siisj»ded ms.'do a fy«x Bewar 
arejlKal to ^ ■ mouth of this vessel. One end of a 

rcsse/ through a cork fitting ^ iiewar vessel throiieh 

iwx tube bent tivicc at right angles entered m the Dewai 

L ZoJZ the other end was dipped in li.juid oxygen in a metallic double 
walled container. A third glass tube passing through the cork entered 
into the Pyrex Dewar vessel, its other end being connected to a Cenco Hyvac 
jnnnp through a Pyrex stop cock. In this arrangement a few strokes of 
the pump brought liquid oxygen from the metallic container into the Pyrex 
IX^vvar vessel. The upper level of tlie liquid oxygen in this vessel could, bp 
niaiiilained at any hciKht from the I)oltoni and the temperature of the ex- 
periiiieiital liquid in the Pyrex coiilaiucr depended on the distance of this 
surface of liquid oxypeu from the bottom of the container. Thus by 
gradually raising the surface of tlie liquid oxygen till it surrounded the ex- 
' perimental liquid in the Pyrex coulaiiier it was possible to keep the liquid 
al any temperature below the room temperature up to about - t8o C. A 
pentane thermometer was Ui^cd to measure tlic temperature in the neighbour- 
hood of tlie container in the Pyjex Dewar vessel. 


For the study oi the lliioresceiice bands in the visible region a Fiiess 
glass spectrograph having a dispersion of about 33.5 A in the 404b A region 
was used, Light from two Ilg arcs placed on opposite sides of the Pyrex 
container was tocussed on the substance and the light scattered in the trans- 
verse direction was focussed on the -slit of the spectrograph with a lens. 
Visual examination showed that the bands did not appear even when the 
substance was solidified and cooled down to about —loo^C. A photograph 
of the spectrum of the scattered light under this condition was taken. The 
level of the liquid oxygen was next allowed to rise till the liquid oxygen sui> 
rounded the frozen mass of the substance. Bright bands in the green region 
were visible at this stage- The level of the liquid oxygen was then allowed 
to descend a little in order to avoid complications which might arise from 
the surrounding liquid. It was observed that the temperature of the frozen 
mass of the substance did not rise ai)preciably even wdicn only the bottom 
Ijortiou of the container was kept immersed in the liquid oxygen after once 
surrounding the whole substance with the refrigerant. The spectrum of the 
light scattered by this solid mass at about -i7o°C w'as photographed in 
the usual manner. * 


In order to find out which of the Hg lines were responsible for the tex- 
citation of the bands two more spectrograms were recorded one with a filter 
of strong aqueous solution of sodium nitrite and another with a solution of 
sulphur monochloride in benzene jjlactd in the path of tlie incident light. 

An attempt was next made to investigate whether the frozen mass of 
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Fluorescence of dinormal propyl ketone. 


Fig. 1. Bands in the green region. 

Fig. 2. Exciting' 4046 A line reduced in intensity. 

Fig. 3. Both the exciting 4046 A and 4358 A lines almost cut off. 

Fig. 4. Fluorescence with ultra-violet exciting lines. 

Fig. 5. Hg. arc spectrum 

Fig. 6. Raman spectrum of the liquid 
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the Btibatancc exhibited any fluorescence in the ultraviolet regipu,, For 
tbis |>uri:»ose a Pyrex Dewar vessel was replaced by a double walled vessel 
o£ fus^ quartz. Dmorinal propyl ketone redistilled in vacuum was in-' 
trod viced in a quartz test tube closed with a ground glass stopper and the 
substance was frozen by immersing tho, bottom of the test tube in the liquid 
oxygen as before, Dight from two vertical qUartz mercury arcs was focussed 
with quartz lenses ojQ the frozen substance and the spectrum of the scattered 
light was photographed with an Adam Hilger medium quartz spectrograph. 

RESULTvS AND DISCUSSION 

The fluorescence bands of dinorirtal propyl ketone at about ^i;^o''C ex- 
cited by the Hg lines in the visible region of the spectrum are reproduced 
in Fig. I, Plate III, Figs. 2 and 3 show these bands photographed with a 
strong solution of sodium nitrite and a solution of sulphur monochloride 
in benzen respectively in the path of the. incident light. It will be seen 
that instead of two bands reported by Sirkar and Bishui there are actually 
four prominent broad bauds in the fluorescence spectrum,- the wave lengths 
of the peaks of these bands being 4937, 5251, 5397 and 5683 ^ respectively. 
It can also be seen from figures 2 and 3 that the bands are exciteel mainly 
by the 4046 A line and the other lines of Hg of shorter wave lengtlis, because 
the intensity of the bands diminish greatly as the 4046 & line of Hg is weak- 
ened by the filter without weakening the 4358 X line, The intensities of 
the bands are not altered appreciably when further the 4358 X line is also 
cut off by the filter. The 4046 X line is weaker in Fig. 3 than in Fig. 2 and 
the bands arc also absent in the fornjer figvire. 

Fig. 4 shows the fluorescence spectrum of diuormal propyl ketone 
at- 1 70 'C excited by all the Hg lines transmitted by the solid. It can be 
seen that besides the bands in the green region, there is a continuous fluor- 
escence extending from about 4000 X up to 4600 X. The Hg arc spectrum 
reproduced in Fig. 5 does not show any intense continuous tockground in 
this region* Also in Fig. i this continuous fluorescence is almost absent. 
Hence this portion of the fluore^euce spectrum is excited by the group of 
Hg lihes 3650 X and 3131 X which are transmitted with almost updiminished 
intensity^by the solid, As can be seen from Fig. 4 the Hg lines of wave- 
lengths shorter than 3131 X, are absorbed by ^oKd dmornial propyl ketone. 
The absorption bands in this region mtty bs responsible ; for the Continuous 
fluorescence mentioned above, while there may “hie a second narrow absorp- 
tion band between 4046 X. and 433® X which, may be responsible for the 
discrete ijands observed in the green a^egion, 

The fluprescehce in solid dibbrtnhl ^ is different from that 

observed ill fhe case of acetphe (Kastan apdi BpnCam 1948). In the case 
of acetone even the vapour illuminated by wave length 3130 X shows a blue 
fluorescence, JJlttormal ^propyl kietone in the liquid state, however, does not 
show sBuy fluma(sCehce\’«i(^ ; w illuminated by ulttaviolet light. The 
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Raman sipectrum of the liquid reproduced in Fig. 6 does not show any trace 
of fluorescence. Visual observation showed that even when the liquid is, 
contained in a quarts tube and irradiated by ultraviolet light from a Hg arc 
no trace of fluorescence appears in the visible region . The fluorescence also 
does not api'tear .iust after the solidification of the substance even at about 
-ioo'’C although collision is diminished in the solid state. Hence it appears 
that at about -i70°C due to strong intcnnolecular field produced by 
contraction new electronic levels are formed some of which are nietastable and 
give rise to the fluorescence bands nicntioiied above. 
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ABSORBABILITY OF HETEROGENEOUS SCATTERED 

X-RAYS* 

‘ By HIRENDRA' KUMAR PAL 

{Received for publication, Nov. so, ig4S) 

ABSTRACT. The absorbability Xp of a heterogencon.s beam of scattered X-rays in 
direction p has been compared to .X'sn for different scatterers and for different primary 
radiations. In the region of backward scattering, X^> Xjo invariably, as required by the 
Compton theory of scattering for homogcneons radiation. The agreement is of the right 
order of magnitude. 

In the forward direction, the experimental results may be the classified under the follow- 
ing 3 distinct t> pes, depending on the average wavelength of the primary beam arid the 
nature of the scattering material, (a) X^. <Xiioi (h) Xe a'oo, and (c) superficially appearing 
to contradict the Compton theory. An interpretation on the basis of the Compton theory of 
this anomaly ha.sbcen attempted 


III a previous paper by the author, (Pal, 1948), an account of the inves- 
tigation oil the iuten.sity distribution of scattered X-radialion was published. 
In that work heterogeneous beams of X-rays of different degrees of hardness 
were scattered from different radiators -paraffin, carbon, filter paper, alumi- 
nium and sulphur ; and in each case, the scattered intensity /0 was compared 
to I mi, where (f> means the angle subtended by the direction of scattering 
with the forward dii'ection of the primary beam. 

For the arrarigeraent of apparatus reference should be made to the previous 
paper. The scattered beams were intercepted, before entering the ionisation 
chamber, by equal thickness t of aluminium and the ionisation Z,, and Z,io, cor- 
responding to a certain definite deflection in the primary electroscope, were 
noted from the deflection of the secondary electroscope turned (with the ionisa- 
tion chamber) alternately into these directions- This process was repeated 
by gradually increasing the thickness of the intercepting aluminium till 
a 50% reduction in intensity was in general, obtained. Two graphs showing 
(i) ionisation Z„ against thickness (, (ft) ionisation against thickness f, 
could be drawn and from them the value of the ‘relative absorbability Xoo iXp 
computed as follows : 

' Since over the range of wavelengths used in these experiments, the 
absorptions in SOa and aluinfuium were proportional, we may replace Xn»/X<f> 
for SOa by the corresponding quantity for a very thin layer of aluminium 
of thickness Af, Hence 

and X»o“AZuo/Z,o 



x««/x<.= 


1 AZ<^ 

Zoo ' Af / Zip Af 


• (r) 


Pori, of a Thesis approved for the PJi.D. degree of the Bdinburgb University in 
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The quantities 

<10 

easily found from tlic 


aud - - . at the origin, t = o, could be 
abovciiientioiied t\vo graphs and hence X,io/X, deter* 


In practice, either the numerator or. the denominator in the R.H.b. of 

equation (i) was determined as already indicated and the other from the 
difference between the two, which could be obtained from a curve showing 
the relation between I (=T say) and the thickness of the intercepting 


aluminium. For, 


I ^ I I .m 

v‘ A/ ~ ~Z<P ^ ~Z‘.„. ' 


and since ~ could be determined from a graph Y against t . 

The results of observation are recorded in Table T. They are also illus* 
trated by 3 typical graphs in which 

(t) y decreases with /, (Fig. i) 

(//) Y is independent of /, (Fig. 2) 

(iti) y increases with I, (Fig. 3) 


A .survey of the results recorded above will show that 

(1).. In the backward direction ^=i5o*, the scattered radiation is softer 
than in the direction V'-yo", as predicted by Comiiton, in every case without 
exception. Tins is shown hy which is greater than and also by 

the course of the curve F plotted against / sloping down from left to right 
(Fig. il. Increase of hardness of the primary beam in the case of paraffin 
wax and filter paper increases, in general, the ratio of the absorbabilities. 


This is also in accord with the Compton theory. 


(2). In the forward direction, the experimental results may be classified 
under 3 distinct lyiies, rt, 2, [a) that hi which X,,o/X>i, i.c. the scattered 
radiation is observed to possess a smaller absorbability than that in the direction 


Vi = yo” as required by the Compton theory, as applied to a homogeneous 
radiation, (6) that in which X9u/.\>“i, i.r.. the scattered radiation is 
observed to possess aii absorbability equal to that of the radiation scattered at 
right angl'is to the primary (within experimental error), (c), that in which 
Auo/Xi/)<^r, i.e, the scattered radiation is observed to possess a greater 
aljsorbability than the radiation scattered in the direction 0 = 90”. 

The observations (b) and (c) superficially apiiear to contradict the Comp- 
ton theory. , 

Under type (a) come paraffin and carbon radiators. The Y-t curves 
have generally an ascending course from left to right as in Fig. 3. 

Filter paper (70 sheets) is an outstanding instance of type (b), espedally 
in the case of softer incident radiations. Here the Y-t curves maybe 
Seen to be horizontal as in big. This result was also noticed by Bairkla 



Ahsorhability oj Heter^geneom Scattered X-rays t.tX 

Tam,e I 


Scatt^rei: 

Incident 
equivalent* 
wavelength 
in A. U. 

Xm/X, 

P^iSo" 

Xjo/X, 

0 « 3 Q» 

Xm/X, 

(() = 30 ” 

corre- 

cted 

corrected 

x„/x, 

(j>=. 40 * 

Xm/x. 

^'25=60* 

(I) 

.77 

.96 

1.025 

I. 00 

2.16 

3.04 



Paraffin 

■635 

... 

1.03 

I. or 

2,04 

2,64 



1.8 cm 

. 4 S) 

.91 

1.03 

1 03s 

1 - 97 , 

2.40 



thick 

.44 

.90 

1.03 


1.90 





■38 

... 

... 

1.07 

... 

2. 28 




■34 : 

.84 

T.03 

... 

1.S5 

... 




•33 : 

... 

‘ 

1.08 

... 

2.23 




•375 1 

■8.-5 

t.04 

... 

i.Hz 

... 




.‘25 . 

.82 

1.04 

... 

1.79 





•335 1 

.805 

... 

... 

f 




U) 

' 1 

.635 


1,02 

... 

2.36 




Carbon 

49 

... 

1.04 

... 

2.13 

... 



0.6 cm. thick 

•33 

•895 

1.06 

... 

1.98 

t • 



(3) 

•77 

•97 

5 .00 

1. 00 

3.94 

4-65 



Fiitcr 



1. 00 

1. 00 ! 

2.46 

3.80 

" 


paper 

•49 ' 1 

.90 

1. 00 

T.OO 

j 

2.21 

3-»3 

x.oo 

1.02 

70 

sheets 

.41 > 

.38 

.88 

1 

1. 00 

1 

i '* 

1.04 

3.16 

2. S3 

ih/lw 

= 1.78) 

ih /ho 

«i, 3 o) 


-34 

•«45 

1*00 


1.98 





.33 

... 

... 

i 

... 

2.61 




•275 


1.03 

i 

1.89 

... 




■25 

.57 

1,01 

... 

i.8i 

... 




.325 

... 

1.05 

... 

1.72 




(4) 

•b 35 

f « * 

T.1»0 


4*74 

... 



Alumitiivim 

•49 

.945 

■93 






0.87 mni* 
thick 

,38 

... 

•97 

... 

3‘08 




15) 

1 








Sulphur 

I min. thick 

•49 

.96 

.96 

— 

4-74 





• The, liieaniag of equivalent wavelength was explained in the previquiS papef Pal (1548) < 

3— 171SP--3 
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by the author who confirmed her results as fn fh 

tion. but failed to renroduce the v eq«abty of absorp. 

tion of the beam, ’uuity at least up to a 50% absorp- 



JParaflin wax 
0s=2O* 

A equfv® .38 X 

“Sseshon may be that tie absorption (which hardens a hete- 
rogmeous radiation, the more so. the softer the radiation) within the material 

Md A^T’r.T 8“*'“ 

A, ^ ^ the observations of the type ( 6 ) and fc) 

pr^rr " 'T’rT" was .Loved by t 

iieriiiiLtit ^ wavelength .49 l.U.T ex- 

of Toi thinner radiator of filter paper (24 sheets' instead 

thick ins^l/T"‘"‘"”\ (4 m.m. 

tinauislahr^”^ in each experiment were indis- 
tmguishable from each other, although absorptions in the two cases differed 

widely for each material. Further, absorption alone cannot explain the 
arge disparity between the degrees of modifications suffered by any one radia- 
tion in the directions 150® and 30®. 
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Neither does the apparently capricious nature of the behaviour of the 
scattered nidiation signify an actual departure from the accepted theory of 
scattering—thc Compton effect, This will become evident from the follow- 
ing considerations. These peculiarities are seen to be associated with the 
forward direction only. The phenoiuenoii, which was pointed out in the 
earlier paper by the author fPal, 1948) called ‘'excess scattering" also has 
been explained to be connected with the forward direction only, (see the 
previous paper). Hence tlic anomalous absorbability and 'excess scattering’ 
seem to be intimately related to eacli otlier; indeed one follows directly from 
the other. What hajO)ens is that, 'excess scattering* superposes on the Comp- 
ton effect, assumed present — another effect of oi)po.silL‘ sense. 

Tile 'excess scattering’ in llic forward direction witli all its characteris- 
tics is acx^ounted for — as is well known — on tlie basis of the interference be- 
tween ra.ys coherently scattered by different sources, such as electrons within 
the same atom 01 the neighbouring atoms tlieniselvcs. A huger incident 
wavelength, a smaller angle of scattering and a greater atomic number (and 
hence a closer jiaeking of electrons, inside the atom) of the scatterer, arc 
all conditions favourable for a greater coherence and they will, consequently, 
contribute to a greater excess vSeatteriug. Hence, out of the vast multitudes 
of wavelengths present in the heteorogeneous incident beam, the longer 
ones will, on account of interference, preponderate with greater intensity, 
in the scattered radir«tion, thus producing a geneial softening of the same 
as a whole. ]i follows lliereforc, that the greater the 'excess scattering,’ the 
greater is this sofleiiing. The effect of interference, considered alone, would 
be tlius to make llie lieteiogeneous scattered radiation, in the forward direc- 
tion, more al>surbalde tliaii that in the direction = . Such an cfl'ect is 

opposite in sense t() the Compton effecl. These two effects, superposed 
one upon the otlier and combined willi the occurrence of somewhat unequal 
hardening due to absorption \\it,hiii the scatterer, along the tu o directions 
concerned, suffice to inlerprel all the observed results. 

Thus, (?). in the case of paraffin and carbon, 'excess scattering' being 
suuill (the ratio f/iDo recorded for convciiieiiee of reference in columns 
^6 and 7 of the table), the superposed effect is small too, and so, the Compton 
change jn'edomi nates, A considerable increase in the correction factor to*, 
wards the hardest incident radiation, in the case of 0—20°, may be, in part, 
ascribed to a relatively higher homogeneity of the beam (due to its progres 
sive filtration at a lower voltage 80 IC.V. instead of at 100 K.V. used for 
paraffin and filter i)aper, 0 = 3o’»). (ri) In the case of filter paper, the 'excess 
scatteiing in the region u1 longer wavelengths, is much greater than for 
paiaffin and carbon, and the effect suj)crimijc>sed is larger and may actually 

It may be iciiiarked that the soften litg produced by interference and hardening produc- 
ed by absorption art based on similar reasonings) . 
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balance the Conipton effect making X=Xjo, as maybe noted in connection 
with the smaller angles ^=40'’, 30®, and 26®. (iii) In the case of aluminium 
and sulphur, on Ihe other hand, the ‘excess scattering’ is vastly greater 
than for paper ; so that the Comi>ton effect is relatively weaker compared 
to the superposed effect, .which explains the behaviour of type (c). (tv) As 
the wavelength is made Smaller, the Com])tou change of absorbability be- 
comes more and more prominent whereas the ‘excess scattering’ diminishes ; 
consequently, the Compton effect is outstanding. 

In conclusion, it may be stressed that, during absorption experiments 
with heterogeneous scattered X-rays, such as described above, the nature 
t)l the results to be expected will, to a large extent, be controlled by the 
following factors ; 

(t) Direction of scattering. 

(ii) Incident wavelength, 
and (ffi) Scattering material. 

and may be interpreted on the basis of the Comiiton effect, the interference 
phenomenon and iiiteimal absorption inside the scatterer ; no other special 
hypothesis such as J-postulate is neceasary for this pur])ose. 
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ELECTRON TRANSIT TIME IN NEGATIVE GRID 

OSCIIXATOR 

Bv S. K. CHATTERJEE ano B. V. 3REEKANTAN 

{Received for publication, July 3.3, ig 4 S) 

ABSTRACT. Exptessions for the time of flight of electrons between cathode to grid 
and grid to anode of a tnode working as class C oscillator have been derived taking into 
account the effect of a.c, voltages on the plate and grid and also the grid bias. The ex- 
pres.sions have been employed to calculate tran.sit time in the case of some tubes and 
certain interesting conclusions have been arrived at. 

INTRODUCTION 

The effect of electron transit time on the performance of a vacuum tube 
oscillator becomes significant at ultra-high frequencies. One of the effects 
of finite transit time in an oscillator is the fall of efficiency. II is usual to 
study plate or overall efficiencies as function of transit angle. Negative 
grid triodes constitute the most widely used class of vacuum tube oscilla- 
tors. It is, therefore, worthwhile to calculate the transit time between 
cathode and grid, and grid anode space, to understand properly the behaviour 
of negative grid oscillator at ultra-high frequencies. . Derivation of an expres- 
sion for transit time in a tube under class ‘C' oscillatory condition should 
involve the consideration of the following factors : 

(1) Inital velocity of emission of electrons. 

(2) Space-charge effect between cathode-grid space. 

(3) D.C. and a-c. potentials on grid and plate. 

(4) Amplitudes of alternating voltages on grid and plate. 

(5) Trajectory of electrons. 

(6) Magnetic fields, if any. 

. (7) Electromagnetic fields— particularly important at u.h.f. 

(8) Shape of electrodes. 

It has not so far been feasible to arrive at a practically useful expression 
for the transit time, without making any simplifying assumption. Amongst 
the various methods adopted for the solution of this problem, one or the 
other of the following assumptions is inevitably present ; 

(i) Velocities of emission of electrons are either neglected or considered 
nnifornu 
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(2) Density of current is regarded as small and hence the space charge 
effect in the grid anode space is neglected, 

(3) When space charge is taken into consideration, it is assumed that 
a steady state space charge distribution has been established and the effect 
(»f a c. fields is regarded as a perturbation snuiil in coinpaiison with the 
steady state components. It is also assumed that the time taken by elec- 
tromagnetic waves to travel the inter electrode distance is negligible com- 
pared to transit time and period of oscillation. Or in Maxwell’s notation 

(4) The effect of magnetic and electromagnetic fields is negligible. 

(5) lilectrodes are plane or cylindrical and of infinite extent. 

(6) Electrons travel in straight line between electiodes. 

(7) Voltage at the grid plane is assumed to be the .same as the effective 
value of the voltage on the grid. 

(S) Effects of negative grid bias and a. c. voltages on the grid and plate 
are neglected. 

In the following analysis it is assumed that the electrodes are plane, 
parallel and of infinite extent. 

liffecl of negative grid bias and a.c. voltages on the grid and plate 
has been taken Wto consideration. The analysis makes mi restriction of 
small signal input. The initial velocities of emission of electrons arc neglec- 
ted. 

CATHODE! GRID TRANSIT TIME 


Assuiiiitig the electrodes to be plane and of infinite extent, the electron 
transit time in the space charge limited region between cathode and 
grid can be shown (MePetrie, 1933) to be three times tlie time of flight that 
would be taken by electrons moving throughout with uniform velocity equal 
to the velocity of arrival at the grid. Or 



where e/m represents the ratio of electronic charge to mass and dj-i, is the 
distance bchveen cathode and grid. The effective potential E expressed 

in volts at the grid plane canl)e considered to be equal to , Ei, being the 
* M 

potential at tlie anode and /a the amplification factor except for very low 

values of provided the oscillation is very weak ;^nd the alternating poteti^ 
tials on the grid and the anode are very small. Under this liniiting coudi^ 
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tioii of weak oscillation the grid voltage obtained by grid leak ’bias may be 
taken to be zero. But under actual class C working condition, the effec- 
tive potential at the grid will involve terms due to grid bias, alternating 
potentials on the grid and anode and term due to transit angle. This may 
be shown as follows ; 

Let the time be reckoned frorii the instant (Pig, i) when a.c, voltage 

rp 

on the plate is zero. Grid voltage attains a maximum value E,, at i . The 

4 



iustantaueovis anode voltage and grid voltage e,, may be written 'ns follows : 

ea = Ei—Ea sin<<)t 
e„= sin w t 

The above expressions for the instantaneous plate and grid voltages are not 
strifctly accurate at ultra high frequencies, because due to transit time effects 
the phase relation between plate current and grid voltage that exists at low 
frequencies will not hold good. This phase lag in plate current will make 
the idate voltage differ in phase from grid voltage by an amount different 
from i8o“. Neglecting this difference for convenience of analysis, the follow'- 
ing procedure may be adopted. 

Eet an electron starting from the cathode at the instant tj when the 
grid starts ori its positive cycle, arrive at the grid plane at ah instant 
Then the iustantaneous anode voltage at if can be written as follows . 

4— i7iaP— 3 
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^Eb-Ea sin tola ' 


-Eb -Ea sin <0 


= £», -Ea sin w 


l-U + ita-it) 


4 2 


+r*„ 

4 2 


Similarly, the instantaneous grid voltage at is given by 

= -Ec + Et, sin 


L-U+ 
4 2 


The effective voltage on the grid plane at the instant is given by the follow- 
ing expression 



where , and (fu=~ .ia 


From eqns. (i) and (2), 'the expression for r^.^, is obtained as given below 



Though this expression in the present form is not useful in evaluating 
as the denominator under the root sign contains certain interesting 
conclusions as mentioned below can be drawn. 

(a) When the amplitude of grid voltage E„ is i//i timeS’the amplitude 
of anode voltage, E„ the transit time becomes independent of the 
amplitudes of alternating voltages on the grid and the anode. 

(2) When 5 *,=^ t.e., when there is no lag between electron motion 


and voltage on the grid cos 



becomes unity and 




reduces to 
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In class ‘C operation Eg—Ec, the maximum positive grid voltage may be 
considered to be equal to the minimum anode voltage Ei—Ea- Denoting 
this by Eg, Thg niay be written as follows 


’’ta • 





JU+ I 


1/2 


(5) 


In eqn. (4), r'^g indicates the transit time as given by Gavin (1939), The 

\ p ) 1/2 

correction factor to be applied to Gavin’s expression 

for the transit time, when the effects of grid bias and a. c. voltages on the grid 
and anode are taken into account, in the case of several valves for particular 
values of EoiEi is shown in Fig. 2. The values for Eg in the case of different 





124 


S. K. Chatterjee and B. V. Sreekantan 

valves have been found by class ‘C’ analysis. It will be observed that for 
values of /io/ Iw. lower than 0. 1 and for valves having low n the correction 
factor tends to be less than unity and so becomes greater than r'*,,. 
Hut for values of KolKb greater than 0.2 and for valves having higher fi the 
value for r/,,, becomes less than r'kt,. 


GRID ANODE TRANSIT TIME 


Xhe grid anode space may be regarded as free of space charge- If v is 
the Velocity of an electron at a distance .x from the grid at an instant t then 
the lime of flight of electron between grid and plate is given by the 
following expression , 



O 


where d„a is the distance between grid and anode. 

In the above expression for the velocity v is a function both of a 
and <■ Let us consider the case of the electron which arrives at the grid 
when the grid voltage is at its positive maximum value. Let the time be 
reckoned from this instant. So the instantaneous values of anode and grid 
voltages given by • 


reduces to 
at time 

1 = 0 


Cfl = lh~ cos <0 I and c.y = - fi + E ,, cos m I 
(ea)(‘0-Eb -Ea and -Ee 


The potential at a point distant .x from the grid at the instant / is given by the 
following expression 



The potential at a point at vai;ious instants between grid and anode can be 
evaluated from eqn. 6 as follows. 


(i) At i 0 and x^dfia tire potential at the anode is given by 


= -E 






E 


a 


E 


Ea+Ea- 
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In , ' ‘ 

Or the potential at the anode is a, o)=£ii when the electron is in 
the grid plane 

(/»■) At , x = d(,o, cos wi»o 
The potential at the anode is given by 



(Ui) At t=®o, ,r = o, the potential at the grid is given by 

Via, o) = ^ - E , + =(£„-/<,) + 

In a class ‘C’ oscillator if the maximum positive grid voltage is assumed to be 
equal to minimum anode voltage, i. e., 



(£„-Kj=(£„-EJ 

then the potential at the grid plane at t = o is greater than the anode 

E —E 

noteutial by an amount “ . 

P- 

At the instant the electron leaves the grid cos wil~i and so the expression 
for V(x, i) in eqn. (6) reduces to 


E 


E„ 


!/(.,, t)= - B, + E.,- )+x 


I 




E. 


■B, 






= A + B.x 

Where A~{ -E 
\ P 






dfja 




The velocity of the electron at x at time i is given by 

%ix, i) = ‘J — -V t) 

^ 7ft 


' (fa 


d 0 n 


2 j 

1 

" // f I • .-.i- 

1 V 

m ^ 

5.93x10' "i 
U+Bx ' 

! , ^ . i 


( 7 ) 


If a, c. voltages on the grid and anode and grid bias are neglected, then 
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’■»<» (eqn. 7) reduces to 


2d 


’ t; a 




5.93 X 10 ^ Ei v/ /* +i 


ifa 


J ■ 


TOTALTRAN.STTTIMB 

The total time r of flight between cathode to anode is found from eqns. 
^4) and (7). 

^dku 


r — r 4. ^ -f 7 ^ 


5.93 X — 1 + ( 


\ J~A + Bd..„ - v'Jl i 


+ “ V A + Bdya — A 

fix 5.93x10' I 

I Isdi 




£ + g.( V A + B.d,,„ -s/A j 


5-93 ><10' l^A 

The above expression for r reduces to Gavin’s (1939) expression 


_.L_ ,J 

.93 X 10’ V 


5.93 


( V n + 1 \ 


when a. c. voltages and grid bias are neglected. 
In the general case when I o 


^^'-7 )(£. 


COS coi 


E,- ^ -L'<, 

^ / 

= j 4 ' H B'x + C cos u)t + Dx cos wf 
= (A' + C cos to/) + (B' + P cos wf)..v 

At ultra-high requency I being very small of the order of 10”" to io~*® secs., 
terms inside brackets may be regarded as constants. So F{a;, t) may be 


written as 


So, 


V(x, t) — Ao + BoX 


v=-J -- • V(x, t) = s.93 X ioV^., + B„.v 

^ m 


Therefore, 


. 

-„,= J 5.93x10'^- 


dx 


/1 0 + BoX 
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From eqri. (8), the following conclusions may be drawn 
i) At< = oif (Bj-E„) = £?^-JS7,+ 

/* 

then Bii—o and becomes infinite 


ii) At t-oif thenBa=— 


and r„a becomes negative. 

Hi) In either of the above cases, t„„ has no definite meaning. 
Therefore, in order that an electron, which leaves the grid when the 
voltage on it is a maximum, may reach the plate the following necessary 
condition should be satisfied : 




E 


I 

i 


or 




Calculation of for some valves ; 

To find Tga for any tube from eqn. (S), it is necessary to evaluate Ao and 
Bu. Table 1, where 

^ A» + Bod,;a — V / !(, 

‘ Bo ■ 

shows the result of calculation in case of some valves. Transit times 



Fio. 3 
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for different electrons leaving the grid at different instants 

(t=o, /=—,/ = —, / — T etc., where T is the period of oscillation) are given in 
32 16 o 

Table I. The lust column gives the transit time between the grid arid 
anode as calculated from Gavin's expression. Values of Ao, Boi 0 no 
for electrons leaving the grid at diflereni instants for the tube 316-A can 
be studied from Figs. 3 and 4 . 


G R A r PI I C A Iv R ID P R E vS E N T A T T O JC OP THE M E T H O D 

If we assume a steady positive potential on the plate and a steady 

positive potential (£•(/)+ on the grid, then the potential at any point distant x 
from the grid is 


= +[E„)J> + 

(B.K-JililLH {E„)X 

1 ) 

L i ^ i. 


denoting + {E ,,) , by A’ 

n 

and 

■ dga 

V(x) = A'+B>x. ... (9) 

Therefore the transit time between the grid and the anode under those 
conditions will be given by : , 




by B' 
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TAHtfi I , " 


Tobe 

1 

^0 

fit 

■ 

r^aXlO^® 

secs. 

"**17 a 

(Gavin) 

838 .A 

■ 






.Eb = iooo V 


154 -.56 


3-333 

.U.24 


jBa “ 840 V 

.T/32 

T49.86 

30 

3.300 

11.13 


>*='35 

T/ib 

136.16 

102 

3-235 

Id. 90 

7.843 XIO^IO 

E* ==! —115 

T/8 

83.96 

374*2 

2.932 

.9.88 

seconds 

gj-aSsv 

3T/16 

34,86 

682. 7 

2.883 

9.73 


=0,86 cm 







834 







'E r, = lOOu V 

0 

137.8 

7 

2.0 

6.744 


E,=87o V 

T/33 

H8.79 

74 

1*527 

5*148 


M-J0.5 

T/16 

101.33 

370 

I 452 

4.897 

1.139 

E„ = —310 V 

T/& 

37-13 

1071 

1*385 

4 671 

seconds 

ir „=425 V 

3T/16 

--58.67 

1871 




d(,„ ==0.35 cm 







6012 
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B'd„a - \/ A' l ... (lo) 

5.93 X lo’B'l J 

Under oscillatory conditions the instantaneous plate and grid voltages are 
given by 

= cos wt ... (11) 

Cg— c + E„ cos<ot ... (12} 

If we confine our attention to that portion of the cycle during which the grid 
is positive, then using (ii) and (12^ we can draw the curves e* vs. t and eg 
vs. ( for values of t~o, T/8, TI4 etc. Prom these curves we get the values 
of (Efr)+, (B„)+ for the various instants <*»o, T/8, T/4 etc. Hence we get 
the transit time corresponding to the various instants of the electrons leaving 
the grid plane. Hence the transit time against plate voltage curves for 
various values of grid voltage can be drawn (Pig. 5). From the figure 
we see for example that corresponding to l-T/iS the g:rid Voltage is 130 volts 
and the plate voltage is 280 v and the transit time between the grid and the 
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anode is 10.3 x 10”* ' sec. The fall of transit time as the plate voltage increases 
from its lowest positive value and the grid voltage decreases from its maximum 
positive value can also be seen. 

ACKNOWLEDGMENT 

The authors wish to express their grateful thanks to the Head of the 
Department for the encouragement given during the course of the 
investigation. 

■w- 

Diil'AKTMENT OE El.liCIRICArj CoMMUNlCAriON ENCimiBRINC, 
iNHIAN lA'Snnmi or SClliNClC, nANOABORB 


RljFERENCES 

Gavin, M, R , losg, Wt^oless, Engineer, 10, 287. 
MePetrie, J. S., r933, Phil. Mag., 16, 384. 




MAGNETIC STUDIES ON SINGLE CRYSTALS 
OF TUNGSTENITE (WS.) 

By AJIT KUMAR DUTTA AKI> BENOV CHANDRA ROY CHOWDHURY 

'Received for pnhUcaiion, November i6, tg^S) 

ABSTRACT. Tungstenite (WSu) cfyslal posses.ses a structure sinnlar to that of 
molybdenite (M0S2), Recent magnetic measurements on single crystals of molybdenite 
by Dntta revealed some very interesting facts regarding its electronic energy structure. 
Magnetic measurements on single crystals of tungstenite have therefore been undertaken 
in this laboratory with a .similar objective in view. But unlike molybdenite it was found 
to be paramagnetic. 'I he paramagnetic susceptibility along the hexagonal axis, xii, is about 
4917 X io'« e.g.s. e.m units per gm . mol. at 3 o“C while xx, that at right angles to the axi,s i.s 
about 6314 X 10"* e.g.s. p.ni. unit's per gm. mol at the same temperature, which corresponds 
to an anisotropy of about 24 pei cent. These measurements have been extended to various 
lemperature.s ranging from 7oo°K down to about 8o"K. The effective magnetic moment 
along both the directions have been found to have maxima values near about the room 
temperature and have been fc'und to decrease continuously with either increase or decrease 
of temperature within the present range. W‘'< ion is in a ground state *J''2 and the 
available X-ray data indicate that the crystalline electric field acting on the ion is presumably 
of a trigonal symmetry. The Stark pattern of the ground state under such a field is shown 
to be one degenerate doublet lying lowest and one singlet separated from it by several 
hundred cm *. On this basis an explanation of the anisotropy and the variation of 
magnetic moments with temperature has been attempted. 

IJN T R 0 D U C T I 0 N 

In recent years the study of the properties of semi-conductors have 
engaged the attention of the theoretical as well as of the experimental 
physicists. All theoretical investigations on this subject are based on the 
ideas sponsored by Wilson (1931, 1932, 1939), while a fairly large amount of 
experimental work on it has been done mainly by the Russian (Gudden, 1934) 
and the German (Gudden 1. c.) schools of physicists. But the experimental 
data are so varied and most often so conflicting and unsystematic 
that these are not always amenable to any theoretical treatment. Moreover, 
a study of the behaviour of this class of solids in the state of single crystals, 
which is expected to furnish the most interesting and essential informations 
regarding their structure and the structure sensitive physical properties, has 
been much neglected. It was to elucidate this aspect of the problem that 
Ganguly and Krishhan (1936, 1941) initiated the studies on single crystals of 
graphite Instead of, however, investigating directly the electrical 
conductivity of the substance in the manner of the previous workers in this 
line, they started with the magnetic properties and arrived at some highly 
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intoesting conclusions. They were able to show from tbeir investigations 
that the abnormal diamagnetism of graphite is entirely a “free" electronic 
phenomenon. For a detailed account of the nature of this free electron 
diamagnetism in graphite, it would be best to refer to their original papers. 
Coutiniiing in the same line of inve.stigatioiis, Dutta (1944, 1945) showed that 
the highly unidirectional and large diamagnetism in single crystals of 
molybdenite (M0S2), which is known to be a scmi-couductor and which 
possesses a hexagonal structure, has the same origin as that in graphite and 
the results have been reported in some recent papers. 

Tnngstcnite (WSa) which possesses a structure similar to that of 
molybdenite would naturally be expected to be a semi-conductor also, Bui 
no data electrical or magnetic are available for this substance so as to be 
able to verify such an expectation. Consequently it was thought desirable to 
start an investigation on single cry.stals of lungstenite. A complication, 
however, arises due to the fact that unlike the crystals of graphite and 
molybdenite, lungstenite is found to be strongly i)aiamagnetic. The present 
paper gives an account of the measurements of the magnetic properties of 
single crystals of tungsteuite at temperatures ranging from 7oo"K down to 
about bo^K. 


E X P E R I M Tf N T A C 

Since tungsteuite (WSa) is a hexagonal crystal having a layer lattice, a 
detennination in tw'o directions of the magnetic susceptibility namely, ;)Oi- 
in a direction parallel to the hexagonal axis and ^j., that at right angles to 
the axis are enough. To obtain these values the procedure of Krishnan and 
his collaborator (1935) is adopted. It essentially consists of : 

(/) The determination of the principal anisotro2)y, i. e., the difference 
Xii -“Xx between the principal susceptibilitms. 

(ii) 1 he determination of the absolute value of one of these magnetic 
susceptibilities.. 

A short account ol the methods of these measurements at room 
tem])eratui es as w'ell as of the adaptations necessary for extending the 
measurenienls to various other temperatures are given below. 

measurement op a- N I vS O t r o p y 

(a) Room lemperatures. In the particular case of lungstenite, the 
crystal is suspended vertically along its basal plane in a uniform 
horizontal magnetic field from, one end of a fine calibrated quartz fiber, the 
other end of which is attached to a giaduated torsion head. The crystal 
lends to bring its basal plane to parallelism with the field, showing that ihe 
susceijtibility of the crystal along directions in the basal plane, i.e,, 
Xx, is gi eater Uian that along the symmetry axis, Xji . Thetorsionliead is- 
■suitably rotated so that when the crystal sets in the magnetic field, there m 
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no toi'sion on qup’tz^ fibre.’ If the torsion head be now rotated the crystal 
will also rotate but through a smaller angle, until there wiir come .a stage, 
coi responding to a rotation of the torsion head through an angle and of 

the crystal through an angle of --- + o-j, when the equilibrium of the crystal 

4 . 

in the field will become unstable and the crystal will turn round suddenly 
towards the next position of stable equilibrium. It can then be shown that 
the difference in thcmaximuni and minimum susceptibilities in the horizontal 
plane of suspension is given by 


I 

o 


in 

Me 


TJ ® (^'jL - 11 ) — Afsay ) 


cos av-f 


(i) 


where sin 2cr,.= ^ ... (a) 

3A 

This equation enables us to determine the value of ~ ^n, the value of m 
and M, the mass and the molecular weight of the crystal respiectively, c, 
the torsional constant of the fibre and K, the magnetic field strength being 
previously known. In actual practice the value of the field strength and the 
dimensions of the fibre are so adjusted that ot^ is always sufficiently large 
so that the factor cr,. may be neglected and the anisotropy cau be 

expressed by the simpler relation 

f naiXj.- X„ ) = («,- ;r/4) (3) 

2 M c 

(h)' Low temperatures . — For measurenieuts at low temperatures, the 
crystal is suspended with its basal plane vertical from one end of a long glass 
rod the other end of whii:h is attached to one end of a fine, calibrated quartz 
fibre, the other end being attached to a graduated torsion head and the crystal 
with the major portion of lire glass rod is kept hanging inside a gas-flow 
cryostat designed by Bose (1947) for magnetic measurements with which 
temperalures down to about 8o°K can be attained. The measurement of 
anisotropy at different low temperatures is then made in the usual manner 
(ilose, loc. cit). By this process measurements can be made at temperatures 
down to about 8o"K. 

(c) High Lemperaiures.--The measurements of anisotropy at higher 
temperatures are performed in a manner similar to that utilised by Dutta 
(T945). The suspension of the cry.slal in this case consists of two parts, 
the upper one is a fine quartz fibre which has been kept at the room 
temperature by means of water circulation ; the lower one is a thin pyrex 
glass rod to the lower end of which the crystal is attached with its basal plane 
vertical vby means of a dental cement which has been previously tested and 
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found to be veri' feebJy diamagnetic and isotropic. The measurement of 
anisotropy is tben made in the same manner as of Dutta (x 945 )* 

M R A S U R E M H N T F ju. 'A' H K MAGNETIC B U fe C C F 1 I B I- 
h 1 T Y PER P li N .D 1 C U L A R TO THE SYMMETRY AXIS 

4i room temperatures,— The absolute uiagnelic susceptibility of 
tuiigsleuite crystals along directions perpendiciilai to that of the symmetry 
axis, is measured by the method of Dutta (1944) as well as by that of 
Bose (1947). The method of Dutta Hoc, cit.) is essentially the method of 
balancing the horizontal force exerted on the crystal when it is placed 
in a nondioniogeneous magnetic field (the horizontal gradient being only 
effective) by applying torsion to a horizontally stretched fibre (usually of 
silver) from the centre of which the crystal is rigidly suspended with its basal 
plane vertical and kept in the setting position by means of a fine glass rod. 
The torsional balancing is done by keeping the crystal immersed successively 
in two liquid media of known volume susceptibilities /\i and /v2 so that the. 
volume susceptibility of the crystal is given by 


Kc 

K. 




(4) 


where Ke id the volume susceptibility of the crystal and ( 9 i and respectively 
are the angles of torsion needed to balance the magnetic force on the crystal 
when immersed in the two liquids. 'I'hc Jiiethod of Bose (1947) is the method 
of balancing' the vertical force exerted on n crystal suspended in the usual 
manner from one arm of a torsional micro-balance specially designed, by him 
for magnetic measurements. It is so arrangeil in his method that the vertical 
component of the magnetic force is only ellectivc. The torsional balancing is 
done in this case also in two different liquid media of known volume 
susceptibilities. The calculation of the volume su.sceptibility is the same as 
that in the method of Dutta. 


A determination of the density of the crystal will enable us to calculate 
the value of 


A1 loTi’ ionPcmtures.—'rhe procedure for measuring the absolute 
susceptibility Xx of the ctyslal is the same as that adopted by Bose (1947) 

for the study of paramagnetic crystals of the iron group of elements at low 
temperatures. 


A higher te^viPenitures—ThQ inea.sureiiietil of Xx at higher temperatures 
was done as in the case of low temperatures by the quart/, microbalance the 
low temperature cryostat being replaced by the heater and using dental cement 

instead of shellac as the attaching material. 
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results 

Since the naturally occitring crystal of tungstenite coutain varying 
amounts of impurities depending on the source from which it is obtained, 
the measurements had to be repeated with a number of specially chosen single 
crystals so that errors possibly arising out of the presence oi impurities was 
a minimum and consistent. The room temperature measurements on five 
different single crystals of tungstenite are shown in Table I The values 
of the susceptibilities are expressed in electromagnetic C. G. S. units. In 
Table II arc given the measurements at Icmpe-atures from about 700 K 
down to about So^K. The values of and fi± effective magnetic moments 
expres.sed in Bohr magnetons for fields along and at right angles to the axis 
of symmetry, re.speclively arc calculated according to the relation 


zkT 


■i == li or J- 


(5) 


where N is the Avogadro number, the Bohr Magneton number 

and k is the Boltzman constant. The variation of m aud /* 


= .^1 jwith temperature are also given in Table 11 . The variation 

■of susceptibilities and effective magnetic moments with temperature are 
represented graphically in figures i and a respectively. 


CRYSTAL S T R U C T U R E O F T U N (i S T R N I T R (W S^) AND 
THE CHOICE OF CRYSTALLINE F I E L O 


Like molybdenite, tungstenite is a hexagonal crystal having a layer 
lattice. The cleavage between the different layers are fairly easy, but not 
as much .as in the case of molybdenite. The structure of tungstenite w’as 
determined by van Arkel (1936). The unit cell contains Iwo molecules 
of tnng,stenite (WSj), i.e. two atoms of W and four atoms of S. The unit cell 
has the following dimensions 

(1 = 3. iSX, c = 13.5 & 

and =3.93 
a 

and the various interatomic distances are 

W“-W = 3.icSX; S‘-S = 3.i8i; W-S”:3.48A 

It is evident that the W-atoius in the crystal are arranged in layers 
parallel to the bavSaJ piane and each such layer is sandwiched betweeii tw’o 
siniilai and parallel layers of sulphur atoms. The three layers form a 
composUe layer, by the repetition of which the whole structure is built up. 
The sulphur atoms in the tw^o alternate layers lie directly above ppe apotl^et 
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Fig. 2 ’ 

and each is directly above or below the centre of the triangle formed by the 
W-atonTS in the intermediate layers, and similarly for the W-atoms^ The 
6—1712^—3. 
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W-atoms in one composite layer are again directly above or tielovv tlje sulphur 
atoms in the next composite layer. Each atom of tungsten is surrounded 
by six equidistant sulphur atoms which lie at the corners of a right equilateral 
triangular prism. On the other hand each sulphur atom is equidistant from 
three tungsten atoms at the corners of an equilateial triangle. 

The distance between similar atoms in the same layer W-W or S-S are 
seen to be much larger than that between dissimilar atoms, W-b. The 
distance between two adjacent composite layers is also large namely 3-13 
This explains the good basal cleavage of the crystal. 

'L'hus in tungslenite (WSg) crystal the group of six sulphur atoms 
surrounding each tungsten ion evidently has a trigonal symnietry and 
hence the crystalline electric field surrounding the central positive' ion 
may l)e taken to be predominantly cubic one on wliich a small trigonal 
component has been super-imposed. Furtlier tiic two sets of field axes for 
the two positive ions in the unit cell will be evidently parallel to each other 
leading to great simi)lificalion of the correlation between ionic and crystalline 
magnetic behaviours. 

!= P R C T R O S C O P I C S '1‘ A t E OP' THE ION AND 
CONSIDERATIONS A R 1 S 1 N O T IT E R E F R ('» M 

Tungsten belongs to tlie platinum group of metals in which the 5 d shell, 
which was left with only one electron until the element lutecium is reached, 
is in the course of being filled up. In tungsten the sd shell contains 4 
electrons and the 6 .v .shell 2 electrons. In tungsten sulphide (WSa) the two 
6 s and two sd electrons take part in bond formation so that the tungsten ion 
is quadruply charged W*'^, and is left with 2 electrons in the incomplete sd 
• shell. According to Hund’s theory the assigument.s of the lowest lying 
spectral state,? for the diflerent ions in the 3 d and jrf transition groups of 
elements are as is shown in Table III foi comparison, and it will be seen that 
ion has a ground state sd'-^ "Fi, the .same as in the case Ti'"*' and 
belonging to the iron group of elements. Siicli identity of spectroscopic 
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'1 

1 

7 
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K* 

V *■* 
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Mn+i 

Mn +3 
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Fe++ 

I. 
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Ni++ 
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Cu+ 
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TaS*- 
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Ta+i 
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OsN 

Be'-* 

IrD 

Tr+> 

Pt+I 

Ir +2 

pt+3 

Pt+* 

Ir+ 

Au^ 
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g^round state with iron groups in fact, occurs throughout the platinnia group. 
We can, in consequence, directly take over many of the considerations in 
regard to iron group, as being applicable to the platinum group also. For 
example, from the spectroscopic state we can at once calculate the effective 
magnetic moment for the “free” W'* ion which comes out as i' 63 Bohr 
magnetons while the “spin only” value is 2'83. On the other hand it is knoy^n 
that in the heavier atoms such as of the rare-earth elements or the platinum 
group elements the multiplel Width is very large (Laporte, O , 1928). So 
that the coupling between L and S is not easy to break under the action of 
external electric fields. In the raire-earth ions this is snore so because the 
4/ electrons are protected ironi the effect of external electric fields by outer 
complete shells of electrons. In consequence, the ions in both these groups 
should be expected to behave as if they are more or les-s free. Even though 
they may not exactly correspond with the Hund’s value for tlie “free ion” 
calculated on the assumption rhat the overall inultiplet width is infinitely 
large, the very small action of the crystalline field will not lead to a quench- 
ing of the orbital moment as apart from the spin moment ; but will at best 
lead to a restriction of the orientation of the ] moment as a whole (Penney 
and Schlapp, 1932). Experimental investigations on rare-earth salts agree very 
well with such contentions (Sehvood, 1943; Mookerjec).* But accurate data on 
platinum and otlier heavy group salts is very meagre, Sotiie of the data avail- 
able (Bose, D.M., J927 ; Vau Vleck, 1932 ; and Selwood, 1943) on a few com- 
pounds of and Ru'^ of the molybdenum group, of W*“ and of the 

platinum group and of tl*'' of the uranium group seem indeed to show the 
validity of such a conclusion in these salts also. But we should be very cautious 
in accepting such an interpretation of the exp)erimental data, in view of a 
number of coiuplicaliug factors which will be introduced in the next section. 

NAl'UREOF CHEMICAL BINDING AND THE CRYSTAL 
LINE ELECTRICFIELD 

We should lemeniber that in the platinum group the sd electrons are not 
at all screened from the action of the external fields. Further, though the 
spin-oibit coupling is, generally highiu the platinum group of elements it is 
not relatively so high in the earlier elements in the group as in the latter. 
Eastly, it is well known that the elements of the platinum group have a strong 
tendency for the formation of covalent bonds in which the bond energy is 
very much higher than in ordinary ionic bonds. In tungsten sulphide, for 
example, the two sulphur atoms are known to be bound to the tungsten by a 
pair of double covalent bonds, the W-S distance being 2.48 A.. In sUch 
cases of complex formations the crystalline field will be exceedingly high 
arid may break down totally the Russel-Sannders coupling not only of 
L’s and 5 ;’s but even between individual Vs and s’s. The electrons in the 

* A, MookCrjee, unpublished wort, part of a thesis for D.Sc. degree, kindly conirnnnicated 
to the senkS’ author. 



140 


A . K. Dutta and B. C. Roy Chowdhury 


incomplete shell will then have to be assigned to different sd orbitals^ 
which are left over after suitable assignment has been made of the elect- 
rons taking part in the covalent bonds. In Ibis process those electrons whiph 
are not paired in the orbitals will contribute to the spin moment of the ion, 
orbital moment having been completely quenched except for small “high 
frequency" contributions. It w’ill be seen that in such cases when spins pair 
off completely the substance will become diamagnetic altogether. Evidence 
for such covalent complex formations is obtained in large numbers in not only 
ii on group elements but to an even larger extent in palladium and platinum 
groups. A study of the magnetic behaviour of these groups of salts shows a very 
large number of cases in w'hich the effective magnetic momejit is abnormally low 
and quite often zero. This is, in fact, observed even in such ions as Rn** Os'^* 
Jr"*^^ (Selwood, 1943) which are in the .S'-state and hence on which the crystalline 
field should ordinarily have little direct influence. Thus, a low value of effec- 
tive moment in the first half of the transition group should rather be ascribed 
to such covalent bond formation rather than to free ion behaviour as might 
appear at first sight. Intermediate cases must also be sometimes met with, 
t.e., compounds in which the covalent bond field may not be so high as to 
split altogether the /'.s and a’s but still high enough leading only to a splitting 
of L and .S, since T.-S coupling is strong comparatively to the iron 
group. Such a case is exactly analogou.'i to the ordinary ionic salts of the 
iron group. It is presumably this state of affairs which we come across in 
tungsten sulphide. The experimeulal investigations undertaken by us over 
a wide range of temperatures indeed points to such a conclusion. From the 
table of data (Table II) for the effective magnetic moment of the ion we 


see that the mean magnetic moment of the crystal varies only moderately and 
at room temperature the value is 3.732 Bohr magnetons, which is widely diff- 
ereut from the free” ion value of i'63, and even greater than the "spin only” 
value of 2*83. This evidently signifies that the spin orbit coupling is not so 
high as to remain unaffected by the crystalline field nor is the latter so high 
as to produce a complete breakdown of the L-S coupling. On the other hand, 
moderately large orbital contributions acting in the same direction as the spin 
contribution comes, giving a value in excess of the "spin only” value. The 
deviation from Curie law of temperature variation of the effective magnetic 
inoment IS also moderately large and complicated as will be seen from the 
c 1 , I inally, the ciystal is found to have a large anisotropy of the order 
o about 24%. These two latter facts also rule out not only a "free ion” 
“ complete breakdown of Russel-Hauiiders coupling for 
ion in tungsteuite. The Explanation of the afore- mentioned behavioui 
't, must be that in spite of the generally wide multiple! separation in the 
group the covalent co-ordination of the ion with the sulphur atoms are 

‘'r” ofthesJ electron, 

ef the 

ionic salts of the iron group. .t 
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THE STARK PATTERN OF THE GROUND STATE OF 
THE W+< ION AND T H E E F F B C T 1 V ,E MAGNETIC 

MOMENT 

From what we have said liefore regarding the different spectroSCQpic 
states of the ions it will be seen that ion, in common with Ti* and V* * 
belonging to the iron group of elements, has a ground state 

In our earlier discussion about the nature of the crystalline field in WS^ 
crystal we noted that the central tungsten ion is at the centre nf an equilateral 
triangular prism the six corners of which are occupied by six sulphur atoms. 
This as IS evident would give lis a trigonal electric field with its axis of syiu- 
inelry coinciding with the hexagonal axis of the crystal. Van Vleck (1939) 
and vSiegert 11936) have shown that in titanium and vanadium alums, in both 
of which the paramagnetic ions are tmioZent, the crystal field which has to 
be chosen from X-ray data on the crystals is of a trigonal character superposed 
on a predominant cubic field. Under such a trigonal field the Stark splitting 
of the degenerate cubic components in Ti'*'*^'^ is given as in Fig. 3a, i.e., a 
doublet of which 
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the lower component is orbitally nondegcneiate but the upjier level retains 
its orbital degeneracy in spite of the trigonal field. It is further shown by 
Van Vleck (1939) that except under certain special circumstances the pattern 
suffers an inversion as we jiass from one electron to two electron 

j.e., the degenerate state comes lowest for V^**' {see Fig. 36). It is evident 
that in the case of also, in WS^ crystal, since it has the same electron con- 
figuration as V**^ we can lake a similar Stark-splitting of the ground state 
under the existing trigonal field, with an inversion of the pattern as in V**'^. 
The trigonal separation postulated by Vau Vleck (1939) is of the order of a few 
hundred cin”‘ and we can in our case assume a separation of the same order 
from our previous arguments. .Magnetic moment in this ca.se will not only 
depend on the degenerate level be but also upon the level a, since the separa- 
tion between be -> a is ordinarily comparable to /cT. The orbital contribu- 
tion should therefore, be fairly large as has been actually found by us experi- 
mentally. The distribution of population amongst the various split levels 
will evidently depend upon temperature and in consequence we should expect 
complicated variation of the magnetic moment with temperature. 

Actually, from the Table II , we see that along the hexagonal axis of 
the, crystal the value of the effective magnetic moment at 8q “IK is 2.43 Bohr 
magnetohs and gradually increases to a maximum of about 3.431 near abo)tt 
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and decreases again and there is a tendency of its attaining an approxi- 
niately constant value of 2.82 near about the highest observed temperature 
of about '/oo'’K. A very similar temperature variation is observed also alo^g 

directions in the hexagonal plane of the crystal, the value rising frpor s.est 

at 84 "K to a maximum of 3.880 at about 300°K decreasing after this an^ 
tending to attain nearly a constant value of 3.100 at about 70 o°K, ‘The 
temperature variation of the moment will, to a first approximation, be due 
to two parts, one obeying a Curie law due to the Jowest degenerate doublet 
level in the Stark pattern, the other due to a change in the relative popula- 
tion of the two levels of the tiigonal Stark pattern separated by a few hundred 
cin"^ and will thus give an effective moment iifst increasing with temperature 
then decreasing' and finally having a tendency of becoming constant. * A 
Simple calculation will .show that the assumed older of separation of the trigonal 
components will actually lead to a maximum in the cllective magnetic moment 
curv'e in the region of room temperature but afterwards when the contribu- 
tion from the lower level diminishes more rapidly witli Icuipcraturc the value 
of the effective moment will decrease and then become constant again as the 
sejiaratiou becomes small compared to kT at sufficiently high temperatures. 

It is also obvious that .since the orbital coiilribulion comes chiefly from 
the lower degenerate component, as this level becomes depopulated at high 
temperatures the constant value which the effective moments tend to attain 
should be more or less the ‘spin only’ value 2’83. This is also verified. 


L A R A N I S O T R O 1> Y OF T H K W Sj C R Y S T A b 


As the main orbital contribution to the efl'ectivc magnetic moment in a parti- 
cular direction in the crystal dejiends inversely on the frequency corresponding 
to the separations between the levels be — >•((, the contribution to the efleclive 
moment will be confined mainly to one direction namely the hexagonal axis 
of the crystal which coincides with the trigonal axis of the field. Furtlier, 
the absolute value of the effective spin moment being small the ratio of the 
orbital to spin contiibution is large. Thus the aiii,sotropy of the crystal 
will be very high. It will be interesting to note that actually the value of 
II IS smaller than which is readily understood vvl/eu we remember, that 
belongs to the first half of the group in which the orbital contribution 
acts against the spin. Again it is in this very direction that the temperature 
vaiiatioii of the moment is the larger. IfUstly the high frequency contribu- 
tions aie not at all negligible as will be evident from the deviation from sjiiii 
only value even at high temperatures in the direction of /u, where low 
fiequency orbital contribution, is not of much importance. 

It may be nieiitioued finally that since the ion is eunouuded by 
six sulphur ions and W-W distance fairly large namely 3.18 X. the exchange 


• It should be reiueiubercd that the coulribntiou to the moments from “high frequency” 
terms is directly proportional to the temperature and will .somewhat modify the above 

varialious according to its magnitude. imuuuy intawoyv 
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interaction between the W- ione riot; be of vetj. gteat imUt^ttice at 
least within the temperature rang^ ethployed by us. A preliminary investi. 
gation on the WS* crystal at varying field strength failed to show any field 
dependence of the effective moment at ordinary temperatures and hence the 
exchange or magnetic dipole interactions may be for the present purpose 
excluded. 
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DIELECTRIC CONSTANT OF SILICA 


Uy S. K. KUIvKARNI JATKAR and B. R. YATHIRAJA IYENGAR 

(Recched for publlcatlou, Nov. 24 ^ ig 4 S) 


ABSTRUGT* The dielectric constant of crystal qudrtz and fused silica places are 4.54 
and 3.2 respectively as determined by the plate method, The mixture method gives the 
dielectric constant of powdered quartz as 4.55. 

The dipole moment of silica calculated by the new equation 
where the critical temperature is 575‘’C. a 3 quartz inversion temperature) is i.o D. 
Considering Sj02 moment as a vector of two mutually tetrahedral ly inclined Si ** 0 bonds 
the moment (observed) of Si -0 bond is 0.86 1). The true moment of a free Si-0 
iKind is 0,86x13 (co-ordination number) *=1.72 D agreeing with the calculated value, 




(fXiix - X « where Z's are atomic numbers and n=^il^, Af low temperatures 


31 

(0-u) the observed Si-O moment is 0.43 1) so that the true moment of the free 8i-0 bond 
is again 1.72 1 ) ( 0.43 x 4 , the co'ordination mimber). 


4 

INTRODUCTION 


Considerable amount of work has been done on the dielectric constant 
of quartz. Still the data are not quite satisfactory. Various observers have 
reported values which differ considerably from one another. The results 
of the previous investigators are summarised as follows in Table 1. 


Table I 



j 

£ 


Method 

Field 11 ' 

(optically active) 

Field 1' 
(piezo-electric) 

Authors 


4-^9 

4.S5 

Curie (1889) 

Hate condensed 

4.60 


Richardson (191s) 


... 

4.65 

1 Rutens (1913) 


... 

4 S8 


I,iqiii«l replacemeut 

4.46 

4 38 

Ferry ''11897 • 


4-73 

4-73 

Starke'll^;) 

Measnremeni of fqtm on 

4-34 

4.00 

Schniid^'J^^^ 

afraKinent. 

S.06 

4.70 

Fellin|iM'i^.3) 


4-55 

4.60 

Thornton wjixj) 
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Table I (conld.) 


VITREOUS .SILICA 


Method 

6 

Author 

Pint.* condenser 

3.72 

jaeger (1917) 

Liquid replacement 

3-20 

Schulze 'igoj) 

Mensureincnt of forcc.s on a fra«:tncni 

3-7^^ 

Thornton (igng) 


'I'bc present work lias been undertaken not only with a view to confirming 
the rather old and inconsistent data on the dielectric constant of quartz but 
also with the idea of investigatin.!* the dipole moment of the Si-O bond in 
silica. Three type.s of plates (r) optically active (3) piezo-elcctric and (3) 
vitreous silica were used. Obviously the applied field was parallel and 
perpendicular to the optical axis for (1) and (3) respectively. 

The fact that the dielectric constants of ionic solids like silica are higher 
than the squares of their refractive indices implies that in addition to an 
electronic polarisation, an orientative effect also comes into play. The new 

relationship between dielectric constant and dipole moment : («- = 4 ”’^/*° 

d kT . 

(Jntkar cl al (1946) which has been successfully applied to the case of a 
large number of liq ids (normal and associated) and plastics can be used to 
interpret quantitatively the dielectric constants of solids in terms of the 
dipole moment of the constituent molecules. The equation is based on the 
concept of hindered orientation (along and opposite field direction) in quasi- 
crystalliue liquids and .solids. In the latter case the mechanism of orien- 
tation may involve either a complete turn over of the molecule as in the case 
of molecules of spherical contour ie.g.. hydrogen halides) or a mere " rattling 
of ions ” in the crystalline structure ( cf. .symposium on "Dielectrics” 
Trans. Farad. Soc. 1946). Both cases conform to idea of orientations being 
confined to the direction of the field and opposite. In the case of ionic solids 
this may happen by a tunnel effect. 


In the case of the ferro-electric class of solids, which show an electric 
Curie point, the new equation becomes (e— u^)M ld=47rN/i‘^ — It 
has been found that ^ = in.p. for associated liquids and transition point (A) 
for crysblliue solids. It will be shown elsewhere that this equation has 
successfully accounted for the high dielectric constants and the temperature 
coefficiefttof IhOa, titanates, rothelle salt, etc., in terms of the dipole moments 
of the i)nolecules indicating thereby that there exists some form of dipole 
orien^t^on in solids. The co-ordination number diminishes the moment 
Iwlwj^ansition point. In the present paper the dielectric constant of silica 
interpreted op (he above basis, 



Dielectric Constant oj Silica 


h7 


K X P BRIM li N r A L 

Dielectric Constant of Silica by the Plalc Condenser method 

The.' apparatus used aud the experimental technique is similar to that 
described by Jatkar and Nagamani, (1942)- Measureniculs were conducted 
on a number of quartz plates, piezo electric, optically active as well as %'itreous 
silica. Some of the specimens used were silvered on the surface so as to 
ensure good contact with the applied electrodes while even in the rest of the 
cases good contact was ensured in as much as the quartz surface as well as 
the surface of the electrode were optically plane. Special care was taken 
to sec in the later case that the entire area of the electrode rested on the 
surface of the quartz. In all the measurements a correction was a])plied to 
account for the stray capacity of the leads connecting the electrode to the 
circuit and also for the capacity of the switch establishing the connection 
with the H. T. It was jjossible to obtain a value for these corrections by 
the following method. Aft^r measuring the capacity of the silica condenser, 
the specimen as well as the electrode were removed. Then two readings of 
capacity were taken, one with the switch on and also with a wire similar 
and equivalent in dimensions to the lead wire connected on to the switch and 
the second reading with the switch off. The difference between the readings 
gives the correction for the switch plus the leads. 

If c is the observed capacity of the specimen condenser in g.g.f then the 

dielectric constant is given by k — where a is the stray capacity, 

^ X i.i 

d = thickness of plate, and A = its area. 

The thickness of the plates was accurately measured by a sensitive sphero- 
nieter while a screw gunge was employed for measuring the other larger 
dimensions. 

The results are tabulated in Table II. 

The mean value for optically active quartz plate (field 11 ' ) is 4.58 while 
that for piezo electric quartz plate (field is ^rhis compares J&ry well 

with the most probable values of 4.6 and 4,5 for the respective specimen.s as 
given by Sosman (1927J in a survey of dielectric properties of silica. 

The dielectric constants of the two specimens of vitreous silica studied 
are found to be 3.21 and 3.32 respectively. This is in accordance with the 
Value of 3-2 given by Schulze while Thornton (XQO^) and Jaeger (19:7' give 
higher values of 3.78 and 3.72- 
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RESULT S 
Taiii,B II 


Piczo-decltk quartz 
(Field J.I 



25 

A5 

JOO 


1 

1 J2.S 

1 s6o 

1 

i 

1 

1 300 

! 

500 

8uj 

6 

A-H 

U.27) 

4-5^ 

1 

1 

1 ^-.^2 

1 

1 i 

' 1 

4-01 

4-42 

ein :4.5 


Optically aciive quartz 


(Kielcl II ) 


Spiri^neii Mo. 

1 

■ 1 3 I * 

1 ! 

€ 

1?' 

1 1 

t-is i 4.f'2 



j 1 flit 1 4.6 


Fused (/wa?/2. 


Specimen Nt). 

1 

2 

i 


e 

3-24 

3-31 

i 

eiii •“ 3 2, 3 S 


*iuitnral lr( (|iici]C> uC vibratiOu 
<■■1*11 (Suhiiuiu ) 


1> 1 li L F, C T K I C (JONS T A NT OF P (J) W D I? R R SILICA 
11S]N<; THE MIXTURE METHOD 

I'hc iiiclliod consists in liiidiiiK by graiihicul methods the dielectric 
constant of that liquid mi •'itnre whose dielectric constant remains unchanged 
when powdered silica is introdneed into it. 

'The powdered silica used in these experiments was purified by repeated 
washings with warm dilute hydrochloric acid, follow'ed by washing with 
w'ater and dried in an oven anS finally stored dry before being used in ex- 
l»eriinents. Thoroughly purified nitrobenmic and xylene were used as the 
components for the liquid mixture in tlie experiments. 

After preliminary trials a series of mixtures was prepared of such com- 
positions as to possess dielectric constants whose range was in the neighbour- 
hood of the ajiproximately known value of the dielectric constant of silica* 
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TliC' dielectric constant of each of these mixtures w as at first determined as 
such and then again after the addition of the powdered sdica. 

Special care m as taken to see that the condenser was filled up to a 
particular level each time and further it was seen that the excess of liquid 
above this mark which would come up when the i)Owdered solid was put in 
was removed and the level adjusted to the original mark. 

The results are given in Table III. 


Taiw.e 111 


Compositioti of litjvtid 

111 1x1 lire-. 

Dielectric constant of 

litliiid mixture 

Dieleelrie constant of litinid 
mixture with powdererl 
silica. 

8.3 % nitrobenzene 

01.7% x\lene 

1 

3.50 

4.16 

ru.1% nitrobenzene 

89.9% xylene 

3*75 

4 25 

12.3% nitrobenzene 

^7-7% xylene 

4 ‘>5 

4-36 

nilrobeiizcnu: 

i^3‘4% xylene 


4.59 

1 

20.5% nitrobenzene 

79 - 5 % xylene 

5 -iS 

4 ' 7 y 


The differences between the dielectric constant with and without the 
powdered silica were plotted against dielectric constant of liquid mixtures. 
The value emresponding to zero dift'erencc give.s the dielectric constant of 
the suspended silica. This was found to be .1.55. 

DIELECTRIC CONSTANT OF SILICA AT A 
H I G H R R T E M r B R A T U R E 

A mixture of xylene and nitrobenzene of a slightly higher dielectric 
constant than that of silica was prepared. The temperature coefficient of 
the dielectric constant of this liquid mixture with and without the solid 
was detet mined and the tw'o corresponding curves were plotted. The curves 
meet at corresponding to a value of 4.60 for the dielectric constant of the 
mixture. Hence 4.60 is the value of the dielectric constant of the powdered 
quartz at 65 “C. 

Ifiquid mixture used 18.74% nitrobenzene ; 81.26% xylene. 



150 


S. K. K. Jalkar and B. R. Y. Iyengar 


'I'AHLE IV 


Tom peril lure 

1 1 

t of iKjuicl 

€ of lifjiiid mixture with 

‘'C 

! 

mixture. 

I 

powdered <iuartz. 


5 >8 

! 479 


5.0.1 

1 4-74 

/|n 

4.90 

1 4 -f >9 

1 

60 

-j.As 

i 4-.';9 

70 

4 48 

4.48 ( 8 o‘) 

1 


Kesults of the mixture method : — 


Taiu.e V 


t^C 

€ 

- 

uo \ 

i A -55 

65 

4 '57 


Thus the dielectric constant is practically the same over a range of 45”. 
It is intcrestini: in this connection to recall the ex])erimeuts of Gagnebiu'on 
the eflect of temperature on the dielectric constant of optically active as well 
as piezo-electric quartz pieces. He reports a nearly constant value for the 
former from o to 200° and for the latter from o to 500''. 

E 1 / 1! C T R I C M (.) IVt E N 'I' OP SILICA AT ORDINARY 
T K M I* R R A T U R E S 

Using the values of dielectric constants 4 .55 and 3.25 for crj'stal (|uaitz 
and vitreous (juartz plates resf)ectively the electric moments were determined 
by using a ^e\^ relationship 

[Jatkar, Iyengar and Sathe (1946)], 

with the usual notations. The moments for vitreous silica and crystal quartz 
so calculated come out as 0.48D and 0.58 D resiiectively. 

ELECTRIC MOMENT OE SILICA AT I-I I ('. H E R 

tempera t u r e s 

It IS well known that quartz has an inversion point at sy/C when the 
Mo /:! transition occurs. The inversion point is marked by abrupt chaiiges 
m the temperature dependence of tlie various physical properties of quartz, 
c.ir.,heatcapacity, specific volume, axial ratiq, Young’s modulus, refractive 
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index, rotatory power, etc. In interpreting the dielectric constant of 
(quartz this transition temperature has to be taken into account. Accordingly 
moments have been calculated by the modified new equation 


'd m'-o) 


(i) 


where ^ — transition temperature =575°C quartz inversion temperature). 

The results are tabulated (Table VI). 


Taih.e V] 

Piezo-electric quartz Pf= 32.2 Optically active quartz 

(Field J_) ^=575°^. (Field 11 ) 


/•c 


Fo 


/“C 

f'*’ 

Po 

i 


8.50 

1.15.6 


5<Ji 

12 00 

228.8 

0.26 

676 

9.6s 

172.6 

0,56 

639 

12.11 

231.3 

1 

j 

8 u 4 

H-7S 

1 222.3 

0.96 

748 

j 12.15 

23X.'S 

00 

6 


* Gagncbin (1924) 


The moments which initially increase with temperature show a definite 
trend towards attaining a constant value at a higher temperature. The ini- 
tially lower values are due to the fact that al low'er temperatures the dielectric 
constant has not yet reached the static value but is still in the disi>ersion 
region. At higher temperatures the dielectric constants at the measured 
frequencies approach the static values. It can be seen by extrapolation that 
at higher temperature the moment lends to attain the constant value of i.ooD 
In the low temperature region (25‘’C) the moment is o..)8 (calculated by 
equation (i) putting ^=o). 

The three main forms of silica, namely, quartz, tridimite and crystabolite 
are all built up of SiO* tetrahedra {i.e., 0 \Si/ O angle = 109 '’28'). The Si— O 
distance in some silicates has been observed as r ,60.^ [ Wells (1945)] The 

ionic character of the Si- O botrd has been given as 50 per cent by i^auling 
(1944) and 37 per cent by Mannay and Smyth (1946). Recently Jatkar and 


Table VII 


— 

C.N 


(7,,+7.nl 

'‘iSi-OiCalc ; 

/ t’ X (f X i \ 

V -TaT ) 

Si - Of obs 

(- 

r >.<'(-S73*C) ... 

2 

1/3 

0.21 

0.81 

[ 0.86 

:/'= 25 'C(«=o'’K):.. 

4 

1/3 

0.21 

0.41 

j o,/|3 
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Gopalaswaiiiy (1948) have found that the ionic character “j” of a bond is 
related to the atomic numbers Z* and Z» of the constituents of the bond by 

the relation ) = , where n is a fraction or an integer. Table VII gives 

Za + Zii 

the calculated and observed moments of Si — O bond. 

The first column gives the co-ordination number. It appears that above the 
transition (T > S') the co-ordination number is only two while below (T < 0 ) 
it is four. Thus the inversion has the effect of apparently halving 

the co ordination. In fact it has been found that the structure of the ot and /3 
form of silica differ from each other only in detail and might involve a mere 
relative rotation of I lelrahedra (Wells (1945), The latter fact could be 
the cause of a change in the co-ordination number of the Si-tK bond at the 

a — inversion. The last colnmu in the tables gives the moment of Si-O 
// (obs) 

bond which is since ^*SiOo (obs). the vector of two Si-(f bond 
1. 16 

moments mutually inclined at a tetrahedral angle is i.t 6 times the moment 
of each Si ~ d bond. In the absence df co-ordination it is seen that the true 
moment of the Si -0 bond =0.4 x 4 = 1.6. D. It can be predicted that the 
observed Si- O moment will reach this value at higher temperatures where a 
Curie point of dielectric coji, stunt otrght to be realized. 

Dki’aktmkn'T ok I’riKi; and .\m,ti'i» Chkmisi'kv, 

Tmdian iNs'rnurii of ScuiNcii, TUni'.ai,okk. 


R K F K R F N C F S 


Curie, f. (1889) Ann. Clicin. et, I’liys., (6) 17, 385. 

Fcllingcr, R. (1903), Ann. d. Vhys.. (4), 7,333. 

Ferry, 15. S. (1897), Phil. Ma/i-, (5) M, 404, 

Onpnebiii, S. {1924). Auh. .Sri. Phy.s. Nat., (3) 6, i6r. 

ri.iiiiiy, N. n. .iiid Smvth C. F. (191^), I- Auier. Chem. .S'oc , 68, j;!. 

Jjreger, 1917', Di.cs. itrrlin. 

Jatknr, B. K. K. niul Gopalaswainv S N (1948), Pror. -iitii hid, Sri. Cong, 

.latkttr, R. K. K„ lyeng.ar 11. R. Y , and Bathe N. V. /J946) J. Ind. Inst. Sri , 28A, 1. 
Jatkor, vS. K. K. and N.aganinni .S. R. (1943), /, hut. Inst. .Sci. 24A, 65. 

Pauling, h. 11944) “ The Nature of the Chemical bond " II Rdn., p. 74. 

Uiehard.snn, S. W. (1915J, Ptoc. Hoy. .Soc. Loud., 92A, 47. 

Rulien.s H. (1915) Her. Bcii. Acad., 2, 4. 

Schmidt. W. (1902), Ann. d. Phys., (4) 9, 919. 

Selmire, F. A, (1904), Ann. d. Phyi., 54), i4, 384. 

Sosman. R. B, (1927), ,4. f, ,9. Mon., 87, 515. 
vStarke, H. (3897), '1 d. Phy.^, V Citnn., 60, 639, 

Thornton, W. M. (1909), Proc.^oy. .Soc. I.ond., 82A, 422. 

Wella, A. F. (1945}, '• Structural Inorganic Chemi.stry," p. 463. 



FEEBLE PARAMAGNETISM OF CHROMIUM TRlOXlDE 
AND POTASSIUM CHROMATE 


By D. S. DATAR and S. S- DATAR 

{Received for publicaiion^ Nov. 3, 1^48) 

ABSTRACT. It has been showti that the partial freedom of the electronic spin due to 
imperfect pairing accounts for the paramagnetism exhibited by hexavalent chromium ion? 
in iitate. The imperfect pairing is due to the partially covalent bonding of electrons 
between chromium and oxygen in chromium trioxide and chromate radical. The factor 
ior the unpaired spin was calculated using diagrams constructed on the basis of the known 
X-^ray data and ionic radii assuniing spherical charge distribution for electron. The factor 
in Ijotli the cases works out to be about 6%. The values for the paramagnetic susceptibility 
of CrOj, KaCrO^ and Na2Cr()4 calculated using this factor .show remarkable agreement 
with the values obtained from the experimentally observed specific susceptibility for the 
above compounds. 


I N T H O 1 ) U C T I O N 


Feeble paramagnetism [Wei.ss & Collet (1924), Collet and Janet (1925), 
Weiss (1926), Ladenburg (1927), Freed and Kasper (1930) and Grey and 
Drakers U93i)J is exhibited by certain ions in '5 state for example Sc^®, 
Ti^^, Cr^^’, and As the spin quantum number in this 

case is zero, Van Vlcck (1932) suggested that the paramagnetism is due 
to the contribution of the high frequency elements of the orbital moment, 
the material being diamagnetic or paramagnetic depending on whether the 
first term or the .second term in the following equation is the greater : 


ViooL 


6)«c“ ^ 3"^ ,i’%n hv\n'\ n) 


The calculation (Frank and Van Vleck, 1929) of the two parts of the 
above equation has been, however, attempted only for the hydrogen molecule, 
where the second term is only a little over 10% of the first. This result 
indicates that the orbital paramagnetism in general has a very low value and 
may not form a basis for satisfactorily explaining feeble paramagnetic effect, 
Au attempt iDatar iV' Uatar, J946) has, therefore, been made in this paper 
to suggest the source for the paramagnetism shown by the ions in ^ 5 " state. 
HexavaleuL chromium compouuds have been selected for this study as accurate 
X-ray diagrams LBriikkeu (1931), Zachariasen and Ziegler (1931)] and 
magnetic data (Grey aud Drakers, 193^) for these compounds are 
available. 

Feeble t>aramagnetism of chromium trioxide 


In chromium trioxide, Cr^ structure is attained when all the six electrons 
in the 3d and 45 shells of chromium arc removed. The very simple 
electronic arrangement for chromium trioxide is obtained by transferring the 
electrons two each to three oxygen atoms as in structure I, the direction 
a— ■j7iaP— 4 
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of the arrows indicating the position of the six electrons 

... I 

i i 

o 

In the crystalline state (Briikken, 1931), the elementary cell of chromium 
trioxide consists of four molecules and the metal atoms are surrounded by six 
oxygen atoms. These considerations led Datar and Jatkar (1939) to suggest 
a structure for chromium trioxide, which can be graphically shown as 
below : 

O O O O 

f ^ ^ 

-Cr t)-Cr --O-Cr 0 -Cr — O- 

\ \ ^ ^ 

0 o o o 

'J'he electronic arrangement for such a structure of chromium trioxide will be 
as shown in structure II. 
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It is further possible that in the crystalline CrO.., there exists a resonance 
between the structure 11 and the stable structure I. During this change 
the electronic configuration similar to the structure III shown below may 
occur at the intermediate stage 
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In the electronic structures 1 and II ail the electrons in chromium arc paired 
and consequently the contribution of chromium towards paramagnetism is 
zero. In the structure II, however, the electron in chromium is unpaired 
and it will show paramagnetism. The electrons in oxygen are paired. 

Evidently the unpaired state of the electron can be calculated with the 
help of a diagram obtained by tracing the path of the electron thus resonating 
between the two oxygen atoms through chromium and finding_out the ratio 
of the orbital path of the electron in chromium to the total path. The 
structure diagrams have been constructed on the basis of the X-ray- data and 
ionic radii assuming that the electronic charge distribution is spherical. The 

values for ionic radii (Rice.. 1940) are taken for drawing this diagram as 
Lr -0.81A and 0-'*=i.76X and the distance (Brakken, J931) between 
chromium and oxygon atoms is 2. 07 A. the oxygen atoms being octahedrally 
arrange , Ihe time factor for which the electron is associating with 

state. The delenninaiion of this factor is 

snown m r ig\ I 
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Df termination of the unpaired spin in chromium trioxide 

Let {oi, Ti) be chromium sphere and lo^, r.^), (03, t^) oxygen spheres, 
ri — 0.81 ; ra = r,., = i.76, OiOs. = 0403 = 2.07 ; Oi, O3 and 03 lie in a st. line. 



The area of the spheres is calculated from the formula 4?rr*. The area 
of the oxygen spliere is 38 92 and the area of the chromium sphere is 8.245. 

When the spheres chromium (oi, Tj) and oxygen (02, Tj) intersect, let the 
plane of common section meet O1O2 in M, C the mid-point of 0,03 and 

O4O.J meet oxygen in T and chiomium in Q. Then C'M= =0.5806 

20i0a 

MT=o.i 35 and — 0.365. 

The area of the spherical cap on the oxygen path due to the intersection 
of chromium is c-rr^. MP~ 1.51. 

The area of the spherical cap on the chromium path due to the intersection 
of oxygen is znri. iU()= 1.858. 

The area available on chiomium path = 8.245 — 2 (i.8s8) = 4.52y. 

The area available on each of the oxygen path = 38. 92- 1.51 = 37.41. 

Total area available=4.529 + 2(37.41) = 79.349. 

Area avmlablc on chrommm path_ 4,529 
Total area available 79. 349 

Unpaired spin = 0.0571 

AT JS* 

Using the equation (Van Vleck, 1932) x= vv,. (45(5 + 1)) 

toi calculating pai'ainagnetism from the number of spin electrons, where 
N (Avogadios’ number) ==6.064 x 10^' per mol ; B (Bohr magneton) —0,9174 
X 10“®*^ erg per gauss ; k (Boltzmann constant) — 1,371 x erg/degree ; 

T (Absolute temperature corresponding to 25'^C) — 29S and 5 (Spin cjiiantuin 
number) for one electron, we get X“t249-8 x lo"*® for one unpaired electi^onA 
But as paiaingnetisni in case of chromium trioxide is contributed by 0.0571 
and the remaining fraction docs not exhibit any paramagnetic properties, 
the total paramagnetism per gni. mol of CrOa should be s* 7 ^% ot the 
paramagnetic value for one electron 71*32 10"*, 
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It will be seen that this value agrees with the value for the paramagnetic 

susceptibility calculated from the experimentally observed specific susceptibility 

for chromium trioxicle using the formula 

Paramagnetic susceptibility 4 Ionic dimagnelisni of 

, constituent ions 

.Sp. susceptibility = MoLwt. ~ 


The values given by Augus (1932) have been employed in this paper for the 
correction of ionic diamagnetism I'fr : Cr''*— — 5,15 x 10”*', Na**=— 3.74 

X lo"*', K’ *= 13.06 X 10““ and - 11.25 ^ io““. Grey and Drakers (1931) 

have experimentally olilained 0.41 x io““ for the sp. magnetic susceptibility 
for chromium trioxidc. From the above formula 

0-41 X lo'"'' X niol. wt. —molecular paramgnetic suscejilibility -1- ionic 

diamagnetism ; 

therefore molecular paramgnetic' susceptibility 

= 0.41 X lo”" X 104 -I io~''(5.i5 + 3 X ii. 25 ) = io~*( 42.84 + 38.go) = 8i.74 x io““ 
-It is surprising that in siiile of the smallness of the magnetic effect and 
uncertain e,stiniatc of diainaBiietism and other factors the results show a 
concordance- 

It will be of interest to note here that in the structures given to CrO,.,, 
the bond formation is due to the transfer of electrons from chromium to 
oxygen i.c-, ionic and partly due to sharing of electrons i.e., covalent. It is 
obvious that the bonding in CrO;, is mainly ionic and contains covalent bond 
formation (cf Briikk< n, 1Q31) to the extent of 5.71% 


hcchlc parannignclisin of t>oiussiui}i clinnnatc 


The partial freedom of the spin due to imperfect pairing accounts for the 
fractional paramagnetic effect exhibited by Cr^" in chromium trioxide. It 
will be iircseiitly shown that the above considerations are applicable in case of 
potassium chromate, which also shows feeble j)araiiiagnetism [Grey and 
Drakers ( 1931 )]. 

The structural formula of KjCrOj is 


KO O 

Cr^ 

KO O 

As in case of chromium trioxide, the possible resonating structures are 


j 

> 



II T 111 

It will be seen that the electronic spin in structure I is paired. In structure 
II the spin of the electron returning from to Cr is unpaired so long as it 
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remains in the orbit of Cr. So also in case of the structure III, the spin 
ot the electron returning from 0 ^ to Cr is unpaired. The return of the 
electron from oxygen to chromium leaves another electron in oxygen in the 



Fig. 2 


unpaired spin state. The total unpaired spin will be equal to the unpaired 
state 111 chromium. The spin effects in C)i and Oa are equal and neutralise 
each other. The unpaired state is determined as shown in Fig. 2. 

Deieiniinaiion of ihe unpaired spin in poLassiuni chromate 

The structure of K2Cr()4 has been studied by Zachariason and Zeigler 
^1931) by -X-ray measurements. According to them, 4 oxygen atoms 
surrounding each chromium atom from a nearly regular tetrahedron with 
chromium in the centre. The Cr -0 distance is 1.60. 

Let ioi^ r, ' be chromium sphere, r2\ rd oxygen spheres. 

ri = o,Si ; /2= ^< = l.76 ; = = 1.6 Oi is at the centre of the regular 

tetrahedon who.se one edge is 

So will be cos ^ ( -1/3) or Io9''2S^ From this = 2.612. 

Tlie area of the oxygen spheres is 38.92 and the area of the chromium 
sphere is 8.245, 

To find the area of the uncut portion of any of the spheres the sum of the 
areas of the two spherical caps is subtracted from the area of the sphere to 
which area common to the spherical caps is added. 

When chromium loj, ri) and oxygen (02, rn) spheres intersect one another^ 
let the plane of common section meet CjUj in Af, C be the mid point of 
OiOz and 0,02 meet oxygen path in P and chromium path in Q. Then 

CM^ ’ , =0.763. From this MP^o.20 and MQ — 0.77, 

2 O1O2 

The area of the spherical cap on the oxygen path due to the intersection 
of chromium path is 27rr2.MP — 2,2x2, 

The area of the spherical cap on the chromium path due to the 
intersectibn of oxygen path is 27:riMQ^3 9 i 7 ^ 
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If iutersccts the two oxygen spheres in R, and Ra, D be the mid 

point of ojOh (the plane of common section of two oxygen spheres pass 
tlirough /)), then RiP = .4S4 and the area of the spherical cap on the oxygen 
path due to intersection of oxygen sphere is R,l) — 4-975‘ 



Next we iincl the area on the chromium sphere common to both the 
spherical caps due to oxygen spheres. Let /], B be the points where three 
spheres intersect, and 0,02, O1O3 meet chromium sphere in P and Q. 
(I'ig. 3) 

/VI, PB, QA, QB are arcs of great circles. Tlie area of the portion 
common to both the spherical caps = Aiea APB + Area AQD- Area APBQ 


cos A PO P 

sin AP sin PQ 


but PQ~PoiQ = 02 0, P:, = eof> ‘(-i/3) = j.Qi 
through P, A, hau the great circle and let 
diameter through P meet it in M (Fig. 


radians. To find PA, 
perpendicular fiom A up6n 



Arc PA 






blit 


dy 

dx 



Aic PA 
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-I r, - hi 


dx 


ri 


sin ^ 

rt 


rx-K 


= 1.52 radians 
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cos ylPQss 0.0716 /IPQ =s 1 .499 radians 

by symmetry ^QP= 1.499 ,, 

Similarly arc PAQ — i.gi^ radians 

Area APQ^{APQ + PQA +QAP-it)r,^=>i.i62 
Area APBQ = Area APB -h Area AQB = 2.324 

Area /IPB + Area AQB = 2X 2.917 = 3.740 

27r 

The area of the portion coinnion to both the caps— i .416. The area of the 
uncut portion on chromiuin sphere — 8.245 -2 x 3.917 + 1.416=1.823 

On any one of the oxygen spheres area common to the spherical caps 
due to intersection of oxygen and chroniiiim spheres i.s found to be 1.314, 
Area of the uncut portioii=3S.92 - 2*212 -4.975 1.314 = 33-047 
Total portion availalde for the electron = 1.823 ^ 33,047 + 33.047 = 67.917 

Ar^a available on chromium path _ 1.823 — 02682 
Total area available 67.917 

The total unpaired state in potassium chiomate molecule = 0.0536 

Using this factor the paramagnetic susceptibility is calculated per gram 
molecule of potassium chromate which comes to 67.01 x 10”^. Grey and 
Drakers 11931) have experimentally observed that the specific magnetic 
suceptibilily of r»otassium chromate is /.oro. The paramagnetic susceptibility 
calculated from this value after correcting for diamagnetism comes out to be 
76.27 X Thus the value for paramagnetism calculated from the observed 

si)ecific magnetic susceptibility value is in agreement with that obtained 
using tlie unpaired S])in factor. 

It has been shown by Grey and Drakers (1931 ,) that sodium chromate 
also shows feeble paramagnetism. The X-ray diagram of this compound 
is not known. If wc assume that the structure of sodium chromate is similar 
to that of potassium chromate then the spin factor will also be the same. 
The molecular paramagnetic susceptibility calculated from the observed 
specific susceptibility for NaaCrO^ as given by Grey and Drakers ^1931) viz., 
0.120x10“^ is 77.55 JO*** which agrees with the paramagnetism shown by 

JJ^Cr04 and also with that calculated from the unpaired spin factor for 
chromate radical. The results heretofore obtained arc .summarised in the 
folloAving Table : 
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The niipaired spin for chromium trioxide is about 6%. The factor for 
the unpaired spin of the chromate radical is also nearly the same. 
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NEW BANDS OF THE ASUNDI BAND-SYSTEM OF CO 

By SATYA NARAIN GARC. 

{Receivi'd for puhlicalioit, /luff. 4, 

ABSTRACT. A large number of bands has been recorded in an uurondensed discharge 
through a tube containing SiiBr^ at very low pressure and carbon as the usual hnpurity. 
Most of them are found to belong to the Asuiidi system (a' 32 -> a*ir1 of CO, The following 
is the equation found to represent satisfactorily these bands as well as the already kno.vn 
ones of this system : 

>'--=6953,6+ {iao8.6 v'2)- (1736,5 v"- 14.4 v"*) 

or, >', =72I3.8 +(i3i8.i (('-9,5 o'*) —(1740,9 u"-- -14,4 k"*) 

where, and the ii' numbering is that propo.sed by fieri) and Winezi. A few bands 

which cannot find suitable places in the ,sy.stem appear to be fragments of an unknown 
,sy.s(eui. 


I N T K O I) U C T 1 0 N 

The spectrum of CG ha.s been the subject of much iuvestigatiou 
due, amoog other causes, to its occurrence in almost all discharge 
tubes where CD or CO. occurs as impurity. Presence of other substances 
has often introduced many peculiarities in the spectrum of CO. An interes- 
liiig example of the effect of foreign gases is provided by Merton and John- 
son ’s method of production and isolation of the triplet bands of CO. 
Thus, if in a tube, having carbon electrodes and helium uudei high pressure, 
and, showing the comet-tail bands of CO, a trace of hydrogen is introduced, 
the comet-tail system disappears and the triplet system takes its place. Again 
if ill a tube, having argon under high jircssurc and carbon electrodes, and 
showing the Swan band.s, a trace of hydrogen is introduced, the Swan bands 
disappear and the triplet bands take their place. Before the discovery and 
classification of the triplet bauds by Merton and Johnson, some bands were 
known to be associated with Angstrom bands in the red and yellow regions. 
These bands and those di.scovered by Merton and Johnson were collectively 
called as triplet system, though no satisfactory classification was forthcoming. 
I^ater on, Asiindi (+929) photographed the bauds a.ssociated with Angstrom 
bands in the red and yellow regions, which were tentatively included pre- 
viously in the triplet system. He had no helium or hydrogen in his tube, 
yet he obtained a few' bands of Merton and Johnson, although very vtieab. 
He measured those bands in the visible and the photographic infra*red and 
came to the conclusion that a larfee majority of them could not go wuth the 
I riplet system. I-'or such bauds He 'gave an analysis and showed that their 

3— 1713T— 4 
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upper state is Ilje then newly discovered level at 58927 gih ‘ (Hopfield and 
UirRe, 1927) of CO, and the lower state coincides with the lower state of the 
lliini iiositive baudsof CO. He represented these bands by the following 

equation : — 

V=:I049I+ (1154-4 •1’'®)- <1721.5 'i’"-i 3-7 (1) 

Tliese bands which were also previously observed by McLennan, Smith and 
Peters (1925) arc known as Asundi bands. 

Later work done so far on the Asundi bands is sunnnarised below ; — 

fi) Kstey (10.^0), on the basis of a private comniunication from Birge 
that the upper level is 3157763 cm"', proposed an increment of one 

niiit in the r' numbering given by Asundi. 

(2) Schmid and Gero (1937) estimated the V- values for bands from t.’' = R 
onwards (with a few exceptions) from perturbations of a/’S level by b’S level 
and by an extrapolation obtained the energy of dissociation of CO as 11 .06 
volts. They also reported some new bands which they interpreted as members 
of the Asundi system with high v' values. 

(3) Gcid (1938) performed the rotational analysis of two of these bands — 
(30,1) and (34,0) — and found the structme to be analogous to that of the 
bands recorded by Asundi. 

(4) Gerb and Lorinezi (1939) proposed an increase of three units in the v' 
nitmbering given by A.suiidi. 

Observation of hands with hmh quantum numbers by ( 5 er 6 and others 
sn.t>gested an attempt at extending the known bands with low quantum 
numbers. A tube with a bulb containing MgCOj (to serve as a source of 
CO2) only further evidence of some bands between successive Angstroru 
bands. The faint traces obtained on the plates were unsuitable for measure- 
luenls. Next, whil^ preparing a tube for studying the emission from SnBr^ 
vapour, however, it was observed that in the initial stages, when pressure 
of Ct) was sufficient and that of SnBr^ vapour low, bands similar to the known 
Asundi bands were well developed. The present pa])er deals with these addi- 
tional hands. Measurements and analysis indicate that a large number of 
tlwsc bands can be included in the Asundi system. 

B X r K R I M E N T A. Iv 

llie discliaige tube employed was a XJ type one, 30 cm. long and 1.2 cm. 
in diameter. It liad alinniipiuni electrodes, 20 cm, apart, and drying tubes 
containing KOH, NaOH and anhydrous CaCL* on both sides : one side leading 
to the pump and the other to a bulb containing Sn 81-4. The* solid SnBr^ 
(since looni tcmpeiature was below 31 was allowed to evaporate of its own 
accord uudei reduced pressure. The usual carbon impurity in the tube itself 
was sufficient to jnocltioe intense Angstrom bands, As the pressure of SnBr, 
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vapour ill the tube increased gradually (though still very low), the Augstrbiii 
bands slightly weakened and the new bands belonging to the Asundi system 
developed distinctly. 

The lube was exci ted by an uncondeiised discharge from a transformer 
giving about 7000 volts, fed by A.C. obtained from a 1/4 kilowatt rotary 
convertor working oi¥ the D.C. 320 volts mains. 

For the resolving instrument a two-prism glass spectrograph, constructed 
in this laboratory by the author, having dispersion of 8oA/mm. at 6500X, 
3iX/mm. at 5070.S, i7A/mm. at 4500A, and 8 ^/mm. at 3800X was used. Ex- 
posures of about one to two hours were necessary for tihotographing the bauds 
on Ilford HP3 plates. 

Wavenumbers in vacuo of band -heads w'cre obtained from Kayser’s 
Schoriugungs Kablen from the mean wavelengths in air from measurements 
of three independent plates. The v values are expected to be correct to 
about ±4 cm"'. 

ANAL Yfjs 1 S 

The analysis of these bands presents the usual difficulties which are 
encountered in all such extended systems. A small change in vibrational 
functions used may not apparently make any appreciable difference in the 
representation of bauds with low (luantum numbers but it may produce large 
deviations for high quantum numbers. Hence the vibrational function of 
initial or final (or both) state given from an analysis of a few bands is liable 
to modifications if it is to represent a greater amount of data to a good degree 
of approximation. 

From his analysis of the Asundi Bands observed by him, Asundi derived 
the follow'ing equation ; — 

v„ = 10491 -t-(ii54.4 i-'-y.5x-'®)-(i72i.5 ^"-13. 7 v"*) (i) 

He observed : “Assuming a transition to exist between the new level at 
518927 V as the initial level and the final level at 48438 v of the third positive 
carbon bauds as the final level, it will give rise to bands whose heads can be 
reineseuted by 

i'a — 10489+ (1155 v'-g v'“)-(x 726.5 ^"-14.4 r"'') ••• (2) 

The equation representing the new bands is very close to this. There is a 
possibility of considerable error in the measurements of the bands of higher 
wave-lengths because the dispersion of the inslrument falls rapidly in that 
region. Therefore the discrepancy between the two equations may be taken 
to be within the limits of experimental error.” 

The function (1726.5 v" — 14.4 v"^) is well-established and reliable, being 
common also to third positive carbon bands, 5B bands, 3A bauds, and the 
Cameron bauds. Thus there are two ways open for us : (a) to use equation (2) 
as such; (fc) to use equation (2) with the first function (1155 v' -gv'“) 
modified to-a desirable extent, 
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Ui) I’siiiK ecjuatiou (2) as such the observcd-calculalcfl values of wave 
miiiibtrs of bands observed by Asviudi are given in Tabic 1 and of bauds 
observed Ijy the present author are given in Table II. 
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A survey of the 'I'ables I and II shows that whereas the O-C values in 
Table 11 are both positive as well as negative the OiC values in Table I arc 
all, except one, negative and increase rapidly with the quantum numbers. 
It is incomprehensible that the equation should behave in a divergent 
manner up to some quantum numbers and in an irregular manner afterwards- 
When an attempt was made to introduce a third degree term In the vibration 
function of the initial state, keeping equation ( 2 ) as a first approximation, 
it was found that again the equation remained divergent up to certain quantum 
numbers and then deviated irregularly. Also it was noted that the situation 
became rather worse : the absolute magnitude of error became one and a half 
limes that of the original. ■ Hence it was decided to use, equation ( 2 ) with a 
modification in the initial vibration function. , 
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(b) Accuptiiifi for the vibration function of the final state that known 
Iroin other syslenis mentioned above, it was found that the most suitable 
equation representing the bands recorded by Asundi would be : 

i'/, = i0493.9+ (nsi.bv'-y.ST'") — ••• ( 3 ) 

Table III shows the comparison between the values calculated from 
equation (3) and those observed by Astiudi. 
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1 
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1 
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Though both equations (i) and ^3) represent Asundi’s data to the same 
extent of accuracy, equation (3) is preferred since it contains the belter 
known term (1726.5 v" — r^i-q for the lower state. Equation (3I may 
now be extrapolated to correspond to the increase of three units in v' 
numbering proposed by Geib and Lorenzei. It becomes : 

’'/t-6y5.Vb+ (1208.6 v'‘)- (1726.5 v^- 14.4 t”^) ... (4) 

'Ihis equation for the band-heads may be written in the less convenient, 
but theoretically more significant, form as : 

V( = 7213.8-(- (1218.1 M'-9.SM'®)-(i740.y «"-i4. 4 m"“) ... (4a) 

% 

where w — iv+ 1/2. 

Table IV gives the bands observed by Asuudi as well as those observed 
by the present author, v- values calculated from equation (4) are also 
indicated. i , , 
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Some of the bands listed in Table II cannot be accommodated in the 
analysis given in Table IV. *Sucli bands are given in Table V. A similar 
case is obtained in the wellknown triplet carbon bands where a few weak bands 
still remain unaccounted for. It may be that the bands put in Table V here 
and those unaccounted for in the triplet carbon system form together a new 
system that remains to be inve.stigated further. 




m 


S. N. Garg 


Tablk V 


*^vnr.' 

T 

Remarks 

t/ 

VftC 

I 

Remarks 

j ^ 43 g.o J 

S 

Proljably Triplet 

33036,8 

-1 

Probably Triplet 

15167. a ) 


carbon (0, 0) 



carbon (8,1) 

17700.5] 


Probably Triplet 

32478.2 



Probably a Triplet 

17726 s } 


carbon (3. 0) 

335111 


6 

cnrb6n (unassigued) 

47780,1 J 



22559-4 




18400-6 



231SO 3 1 



jK< 1 :: 8.7 f 

6 

pHibablv a Triple^ 

33370.4 

7 


i84.il6 S ( 


carbon (nil assigned) 

23.^17-*^ 1 



18400.1 7 









240T0.4 'j 


1 

19170.9 

8 

Probably Triplet 

24031,7 1 





(arbon (s, i) 

34053 i 


(1 

\ 




24082.1 1 


\ 

19908.0 } 

6 


2,4115.8 ) 


\ 

1992-1 '3 > 




\ 

\ 




24839.0 

‘ 

' 

.^0161 .4 

9 

Probably Triplet 

24861.8 



\ 



earboji (6,1) 

24924.4 

1 

6 





24913 ‘i 




30383.1 

6 

1 


24956. S 




31X41.1 

i 

1 7 

I'robably Triplet 





1 

1 

carbon (7,, i) 





Au inspection of Tublc IV shows that bands with r' equal to ig or lower 
have ()"C \alues well within errors of observation. Ph'om v' — i 6 onwards the 
0 -C values have a tendency to increase. It is difiicuH to say whether such 
irregular deviations are due to any perturbations. For example there arc 
four bands with ^’'==19 with residuals + 7,2, - 17.0, --8.2, -i- 1.4, and three 
bands with 7/ = 2o with residuals +19.0, + 32.4, f 1.2, In some cases such 
irregular deviations might be due to a i)ossibility of vM'ong identification 
of the particular subhead used to calculate the OC values. 

Schmid and Gcrb s ^1937) estimated term values of the vibrational 
levels of the a' *^5 level cannot be represented by a usual function with any 
reasonable error however large. It may, therefore, be said that the 
peiturbations observed by them are due to some level other than The 

two bauds at 33548 ard 37-^147 cm”^ reported by Schmid Snd Gerd BvS having 
quantum numbers (32, 1) and (36, o) in the Asnndj system do not fit in the 
proposed equation (4) exc*ept as bands (32, i) and (38, i) respectively. liven 
then the residuals will be -30 and -3 cur^ respectively. The changes 
in the values may be li&ely because the extra])olation of rotational constants 
used by Schniid and Gerd i$ rather long. But the same cannot be said of 
values. , Hefice with due reservation it seems that these two bands may 
belong- to a new system along with the other bands given in Table V and the 
j^ni^s^ned bands of the triplet system. 
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THE SPECTRUM OF HIGHLY IONISED IODINE— I VI 

By S. G. KRISHNAMURTY and I. FHRNANDO 

(R(' ccivcd for Nov. S, .19,//?) 

ABSTRACT. TTsiug tlie regnliir and irregular doublet laws, appropriate line.s possible 
belonguic to the spectruin of iodine VI have been picked up from the far ultraviolet data 
of highly ionised iodine due to lUochs and Felici, and a scheme set up The important 
intervals 5/> l^f*. -'’/‘i) and 5/> have been found to be 3593 cm"' and jo.12;) cm"' 

respectively. 

Our knowledge of the spectrum of highly ionised iodine is as yet veify 
meagre. In a previous publication, one of the authors (Krisbnamurty, 1930) 
reported a regularity in the spectrum of trebly ionised iodine and set up a 
scheme consisting of the 65, 6p, and sd terms. vSince then Blochs and con 
laborator (1937) published a long list of lines of highly excited iodine froni\^ 
A.200 to Ai,ooo. They showed that the excitation obtained in their experi- 
ments was very high, by picking up from the list, two lines belonging to I 
VIII . 

However, they did not classify tbeir data into the lines belonging to I 
VII, VI, V, etc,, but only into seven groui)S denominated 2-, 2, 2 + , 3 
3, 3 + , and 4 in increasing order of excitation. They point out that all lines 
attributed to I 11 are contained in tbeir group 2. Group 3, they think, con- 
tains “about all” the lines due to 1 HI but as no reliable analysis of I HI 
lines is as yet made, they do not feel sure of this conclusioji. Group 4 con- 
tains, according to them, lines due to iodine IV, V, VI, VII and VIH. 

Starting from the clue afforded in the last sentence, we made an attcmj)t 
111 the present papei, to pick out from the data given by the Blochs, lines 
of I VI, which are expected to result from the allowed combinations of the 
terms listed in Table I. 


Tablb I 
Terms of 1 VI 


Term prefix 


Terms 




St 


St If 
H) JD 


SP^ 


ip Ip tp 


6 s 


1.? 
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The main procedure adopted is the application of the law of variation 
of the frequencies of corresponding lines in iso-electronic spectra as shown in 
Table II. 

Tabi.h II 


Corresponding lines in Cd I — like spectra 
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Table 111 

Screening Constants. 
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As far as possible, only group 4 lines of the Blochs were selected in 
this process, which yielded tlie scheme presented iti Table IV. Further 
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confirmation for the selection was obtained from the law of variation of 
screeing constants shown in Table III. 

The numbers printed above the frequencies in Table IV represent the 
grouj) to which the selected lines are assigned in the list of the Blochs. It 
will be seen that some gioup 3 lines arc also selected for the scheme. It is 
liopcd that, in view of the want of absolute certainty in the assignment of 
the lilies to the various known stages of excitation, tliese lines will fit 
ultimately into the I VI scheme, when further work on 1111 , 11 V etc., 
vvhicli is in progress, is completed. The behaviour of intervals and inten- 
sities is tliroughout normal. One line, v 15 )055 (30) looks quite of an ab- 
normal intensity, but in addition to representing the present combination, 
which should be about the brightest line (compare intensities of the srf/Ul — 
multiplet with other multiplet lines) it (alone) is found to represent 
another combination in I VII too. 

TABhU IV 

Multiplet Scheme of 1 VT 
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MICRO-WAVE MODULATION BY VARIABLE CIRCUIT 
ELEMENTS COMPRISING WAVE GUIDES OR 
CAVITY RESONATORS 

By a. N. BHATTACHARYVA 

(Fcccived tor piibliaiUou, Sept. 24 ^ 

ABSTRACT. A drJ^'ing mocbanisiii similar to tlial of an electro-dynamic loudspeaker 
is utilised for varying the diincnsious of a wave guide v)r cavity resonator according to the 
voice fre(jnency signals so that micro-waves passing through the guide may either be ampli- 
tude or phase modulated and the micro-wave output of the cavity resonator may be anipli- 
tilde modulated. The same mechanism is als:> applied for varying the length of a probe 
inside a guide rcBulting in load impedance modulation. 

1 N T R D D U C T T 0 N 

Amplitude iiiodulution system wherein un impedance is varied in 
nccordauce with the signals to be transmitted is perhaps the first modulation 
system ever used in radio conimunication. In one of such vSystem, the resis- 
tance of the antenna circuit is varied in accordunec with the resistance of a 
carbon microphone. Another system uses the modulating voltage for varying 
the energy absorbed from tlie high frequency oscillations, a losser thermionic 
valve to the grid of which signal voltages arc applied being connected across 
the tank circuit of a class C power ampUfior. These; modulating .systems are 
rarely used at presonL The micro-wave radio communication has been 
vastly developed daring the last war and this paper describes ^ methods of 
modulating micro-waves utilising principles slated above wdiich v/ere used in 
earliest days of radio. Micro-wave transmission circuits w'idely use wave 
guides and cavity resonators as transmission line and tuned circuits respec- 
tively, For any VNave guide when the frequency is above cut-off, the phase 
velocity in the guide is greater than that in the free space and the 

phase constant which is phase shift pet unit length of the guide is equal to 

Iwdicre is tlie wave length inside the guide (Tcrman, 1943)* Ihus it is 

^Kj 

seen that by varying the length of a guide in accordance with a signal current 
it is possible to phase modulate the micro-waves propagating through a guide. 
The resonant frequency of a cavity resonator may be varied by changing its 
dimensions and if any dimension is varied in accordance W’ith the signals to be 
transmitted the output of the resonator will correspondingly vary resulting in 
amplitude-modulated micro-waves when for maxitnuni or ininimum signal 
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current, the resonator is tuned to the exciting- micro- wave input. For a 
re-entrant coaxial resonator (Fig- 4) which we shall specially consider, the 
resonant wave length (Fink, 1947) 

and this paper desciihea means lor varying ' d in accordance with the signals. 
When load impedance modulation is desired the length of a probe inside the 
wave guide or a cavity resonator may be varied in accordance with the signaU 
This will also result in amplitude modulation. Variation of the radiation 
resistance of the exciting antenna inside of the wave guide will also I'csult in 
amplitude modulation of the micro-waves. 

M 0 J) U A T r O N 1 N S I 1> K W A V H Cr U I ]) E 

The cylindrical guides illustrated in figures 1 and 2 consist of tw^o parts: 

A and C. The part A is fixed while the part B is arranged to slide over A~ 
l‘hc wall thickness of B is very small in comi)arison with the diameter of the 
guide. In Fig. i the guide is excited in TJ^ 1,1 mode while in Fig. 2 




the guide is excited in TAlo, mode. The metallic end piece 3 which is 
rigidly connected with IJ, is coupled through a rod .| to a driving mechanism 
similar to tliat of a elecli'odynamic speaker. ^The centering arrangement of 
the voice coil 5 is not illustrated in the figure. The signal frequency ami^Ii- 
fiei feeds the moving coil wound over 2. Vibration of 2 causes linear niove- 
lueut of B over A resulting in variation iu the length of the wave guide. 
Variation in length of the gmide results in ])hase modulation of micro-waves 
emitted from the oi)en end b of the guide. In Fig, 3 the coupling rod is 
partly hollow so that the central conductor of the coaxial cable exciting the 
antenna t may pass through it, The guide should be so mounted that lateral 
vibration of the same is prevented. The aerial i also should be prevented 
from vibrating, 
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Fig. 5 5a 


A method deiiending on the variation of radiation resistance of the excit- 
ing auteima 1 inside a rectangular wave guide 7 is illustrated in ligures 3 and 
4, The wave guide is excited in TE,„i mode. The radiation resistances 
of the antenna i of Figs. 3 and 4 are gir^en by the expressions (M.I.T. Radar 
School, 1946) 

2Z,„K sin®! jfor K < 0.5 U) 


,, /2 . irrS ^ 

andR,.=-2/„. i x; i 


... ( 2 ) 


respectively, where 

/C=ratio of the smaller to the larger dimension of the guidc = 



wave impedance = 130 is the wave guide anologue of the charac 

teristic impedance of conventional transmission lines, 

A.„ = wav]e length in the guide. 

A a ** free space wave length of the source- 
5= distance of the plunger P from the antenna i. 

/= length of the antenna 1 (Fig. 4 ). 

5— 171JP— 4 






m 


A. N. Bhatiacharyya 


The net reactance of the antenna is a function of S and L The pptinutni 
condition of transmission (i.e,, when there is no reflection from the junction 
between the coaxial line and wave guide) both / and S are about 6. The 
plunger F is coupled to a driving mechanism similar to that of figures i and 
2, so that the distance .S is varied in accordance with the signal to be trans- 
mittedv When the arraugeiiient is such that for maximum signal current, the 
optimum condition of transmission is reached, variation of S will cause ampli- 
tude-modulation of the waves passing through the guide* The coupling 
arrangements, illustrated in figures 3 and 4, when properly adjusted for feeding 
power into the guide, are also well adjusted foi' taking power out. In the 
transmitting system shown in Fig. 7 which UwSes a biconical horn excited in 
ThM mode, one portion Q of the central conductor of the coaxial cable receives 
energy from the magnetron while another portion acts as the radiator. In this 
case, if the plunger P is coupled to a driving mechanism described before aid 
.S' is varied according to the signal current, radiated waves will be aniplitu^e 
modulated if for maximum or minimum signal current the optimum value rljf 
S is reached. This system may be used for broadcasting purposes. 

In hig. 5, the length of a probe 8 coupled to the wave guide 7 at a 
suitable place, is varied according to the signals to be transmitted. The probe 
8 must be in good electrical contact with the guide. 

In each case the magnet M and a part of the wave-guide should be 
enclosed inside a low pressure metal chamber which is continually evacuated. 
(This is not illustrated in figures 3-5.) 


0 

M O D U L A T t O N r N S I 1) R C A V I 'J' Y RESONATORS 

The modes of cavity resonator may be designated by symbols TEuun or 
TMi™, wliere / is the number of half-period variations of the electric field 
along the length of the resonator or .Y-axis. In a cylindrical guide of length 
-To and radius a in which /» represents the number of full period variations of 
the radial electric field along the direction and n represents the number of half 
period variations of the angular component of the electric field in the j adial r 
direction for the resonant frequencies which exist are obtained by 

(Sarbacher and Hdson, 


/ / y» n ’ 




and for 


where Tnm and are the roots of tlic equations 


— o 

rn{r^nm)-'0 


/ — I, 2, 3»*** 
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Thus variation of ."Vo causes change in resonant frequency for all modes other 
than TMo i o 

for which i = o is permissible and 



^010 '=2.6ia 


For 7'M„ 10 mode the resonant frequency depends only on the value of a, and 
the electric field is wholly parallel to the axis of the resonator and 


H A aJi(r )g-"" 
to 1 \ a / 


The nmxiuiuni energy W,„ stored in the magnetic field in this case is given by 
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mmerm 


From the equation of Wm it is apparent that variation of ej by changing air 
pressure inside the resonator will cause variation of (WmiV) or the magnetic 
energy density. 

The value of .Vo or fe j may be varied by coupling the plunger P (Fig, 8) 
to a driving mechanism similar to that previously described- If for 
maximum value of signal current A:o=^AVa-, f.c,, resonating conditions are 
reached, the output from the resonator will be amplitude-modulated For 
3'Afoio mode due to the variation of magnetic energy -density (IV'm/ D the 
output will be amplitude modplated but the percentage of modulation will be 
sihall. 
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iso 

lu auotlier trausniitting system illuslralccl in Fig. 9 the resonatoi: is 
Coupled to a horn antenna through a slit X and excited by a piobe B. 



Fjc. 8 Fig. q 


Vibration of P according to signal cm rent will result ui ainplitudc-inodulatioii 
of the waves radiated by the horn if the resonator is tuned to the exciting 
waves cither when the axial length of the resonator is inaxiinuni or when it is 
minimum in course of vibration. 

In a further Irausmilliug system, illustrated in h'ig. 10, the resonator is 
coupled to a parabolic antenna and the ]jluuger P may be driven in a manner 
similar to tha^ described before. • 

MAGNETRON 



Fig. 10 

In the re-entrant cavity resonator, illustrated in Fig. 6, the central post 9 
slides inside the cuter cylinder 10 so that d may be varied. The bottom portion 
II of the outer cylinder is comparatively thicker so that the oscillation of 
9 changes only the dimension d of the resonator. The wall thickness of g is 
small and the moving coil 12 is u'ound over it. When signal power amplifier 5 
feeds 12 the central post 9 will oscillate and the distance d will vary according 
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to the signals to be transmitted. Variation of d causes change in the resonant 
wage length 

») 

If ill normal position of 9 (i\e. when no signals arc applied to 12) the 
cavity resonator is not exactly tuned to the input micro-waves, variation of d 
according to the signal current in 12 will cause variation in the output current 
taken through the loop and the radiated waves u ill be amplitude modulated, 
if resonating condition is approaqjied when d is maximum or minimum. 

If the length of a losser probe inside the resonator is varied according to 
the signals to be transmitted, the load current will vary correspondingly 
and amplitude modulation results. In this case the resonator may be of any 
type like rectangular, cylindrical, spherical or the re-entrant type. 

In each case the cavity resonator wholly or in part and the magnet M 
should be enclosed in a low pressure metal chamber. 

D I vS C U S S I O N vS 

In the amplitude modulating systems described above it is necessary to 
consider whether linear o[>eration is obtained. I^et us consider the system 
described with reference to Fig, 3. The magnetron feeds power to the wave 



Fig. II 
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guide through the coaxial line and for maximum possible transfer of power 
it jis essential that the coaxial line is terminated in its characteristic 
impedance. The input impedance of the antenna is (Rr + Xa) but by 
adjusting the reactance X, of the short circuited stub, the antenna 
reactance may be cancelled. Then the impedance looking into the wave 
guide will be merely the radiation resistance jR,.. The variation or Hr 
with respect to 5 is shown in Fig. ii. The optimum value of S is A„/,j 
and the variation in Rr hs substantially linear within the limits 5~A„/i8 
and 5=A„/(.. If for no signal condition S = ^„/ g and a limiter amplifier (as 
used in broadcast transmitters) is utilized so that the variation in S never 
exceeds A„/i2, the load impedance connected across the coaxial line 
will vary linearly and the modulation will be substantially linear. This 
system may be considered in principle similar to a load impedance inodulatjiou 
system. The performance of the system, described with reference to Fig.W, 
appears to be similar to that of the .system just considered so far as the linearity 
of modulation is concerned. The system described with reference to Fig.\5 
which uses variation in the length of a probe is also a load impedance modulsi,- 
tion system. The probe introduces a capacitive susceplance when it extends 
less than a free-space quarter wave-length into the guide but the variation 
in susceptance is not perfectly linear with the variation in the length of 
penetration of the probe. 'I'he arrangement should be such that maximum 
power flows through the guide when the piobe length is zero and with no 
signal condition the probe length should be (A,,/ a) where A„ is the free space 
wavelength. In this case also a limiter amplifier is necessary in*the signal 
input circuit because the v'ariation in the length of the probe should not 
exceed (Aa/g). The modulation in this case is not satisfactory from the 
view point of linearity of modulation. If instead of using a probe inside the 
guide an asymmetrical inductive diaphragm of the type, shown in Fig. sb, is 
used it is possible to vary the width d of the open space which will result in 
the variation of the shunt susceptance B which is given by the expression 
(M.I.T. Radiation Lab. Series, 194S) 

jB=— cot® — fi-t-cosec® 

a 2a \ Cfl/ 

If (a/'A) is equal to (0.5) and (d/a) does not exceed (0.7) the variation 
of B with respect to change in d will be substantially "linear and faithful 
amplitude modulation is expected. ^ 

The modulation systems, described with reference to figures 6, 6, 9 and 
10, which use cavity resonators are also cases of load impedance modulation- 
It is presumed that only one mode of oscillation exists in the resonator. The 
input impedance of the loaded cavity resonator is maximum when resonance 
occurs and wdien d (Fig- 6) or .tq (Fig. 8) is varied from its resonant value 
the input impedance rapidly drops to small fraction of the coupling loop or 
probe impedance. Near resonant frequency the input impedance of the 
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cavity resotiator varies in much the same manner as the" impedance of a 
parallel resonant circuit and it appears that for small change in dimension of 
the cavity, substantially linear amplitude modulation will take place. 

The methods of modulation described in this paper may be applicable to 
systems utilising several kilowatts of radio frequency power and the carrier 
wave length may be less than one centimetre. 

In all the modulating arrangements comprising wave guides, the struc- 
ture should be light as far as practicable. As for instance the portion B 
including 3 (figures i, a) and the coupling an-angement of antenna i should 
be such that it is possible to make B oscillate in the manner described. The 
low pressure chamber is used for reducing air vibration which is one of the 
potent damping factors. 

When the wave length is less than 10 centimetres it is not feasible to 
produce amplitude modulated continuous waves by using valve modulating 
circuits. Signals may be transmitted at such high frequencies if time- 
modulated electric pulses are radiated. 

From the expression of phase velocity Vp inside a rectangular guide, 

c 

it appears that variation of b (wider dimension of the guide) will cause varia- 
tion in the phase velocity of the waves passing through the guide, resulting 
in i)hase modulation of the said waves. In this case due to the simultaneous 
variation of which i.s equal to 

_ r20 ir 

V I — {ajsb)^ 

for any T. F. mode, amplitude modulation also takes place. 
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BAND SPECTRUM OF THALLIUM IODIDE 

By P. TIRUVENGANNA RAO and K. R. RAO 

(Received for publication, Nov. 4, 1^48) 

Plates VA and VB 

ABSTRACT. All extensive band system attributed to the diatomic molecule thallium 
iodide, has been obtained for the first time in emission between A5300-A3800 in a high 
frequency discharge with external electrodes. The bands at the violet end are red-degraded ; 
(hose in the central portion are headless; at the red end they are diffuse and broad. 
A number of them occur in well-separated groups, eacli consisting of four or five cqui-spaced 
components with an interval of about units ; the intensity among these iise«i gradually 
to a maximum and then falls off. The system has been interpreted as due to the transi- 
tion with the origin near the extreme violet end. A vibrational analysis which 

includes most of Ihe band heads, has led to the following formula : -* 

i/ = 2«;794.2 + (91.2 if -“O.09 n'2) -(121.0 a'' -0.09 

A second brief system of about 25 slightly violet degraded bands is also obtained be^ 
tween X3680’-’^36op. Four diffuse groups of bands, overlaid by a continnum, are measured. 
The system has been interpreted as the component 2 + having the same lower slate 

as that of the main system. Blectron trausilions are compared for the observed band 
systems of the four halide molecules of thalliiim, 

INTRODUCTION 

As part of a detailed investigation into the molecular spectra of a series 
of heavy diatomic fluorides, Howell (1937) studied the thallium fluoride 
spectrum and reported several points of unusual interest* Extending this 
investigation to the other halides of the same element, thallium chloride and 
thallium bromide, Howell and Coulson (1938, i 94 f) were enabled to make 
a comparison of the electronic levels and transitions for these three molecules. 
The band spectrum of the remaining halide, thallium iodide, does not appear 
to have been analysed. 

In 1929, Butkow recorded a few bands in absorption by a column of 
thallium iodide vapour, but no vibrational scheme was reported ; nor was 
any work published on the emission spectrum of the molecule, as far as the 
authors are aware* In the course of a systematic investigation in our labora- 
tory of the band spectra of diatomic molecules and particularly, the iodides, 
the spectrum of thallium iodide has been photographed and it is the purpose 
of ihe present paper to describe this spectrum and to report the analysis of 
it as interpreted by the authors* 

experimental 

;Phe discharge tdbe employed is a simple straight one of pyrex glass 
about 30 cm. long and i cm. in diameter, drawn out atone end into an adapter. 
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the other end being closed by a quartz window. I'he substance, a pure 
sample of thallium iodide obtained from B.D.H. is spread inside the tube 
over a length of about 8 to lo cms. The tube is continuously evacuated by 
a Cenco Hyvac pump through a row of absorbing and condensing towers. 
The discharge is excited by a low power H.F. oscillator constructed for the 
purpose and described elsewhere (Rama.sastry, t 947 ) i° detail, working at a 
frequency of 5 to 10 megacycles and using external copper electrodes about 
5 cm. apart. The substance was heated at regular intervals for a steady 
maintenance of the discharge ; such intermittent licaling was found necessary 
also for. suppressing the iodine bands which would otherwise obscure the 
thallium iodide sy.stem. The discharge is intense green, due to the thallium 
radiation A5350. 

i 

The bands were obtained also in a discharge from a 1/4 Kw. transforhier 
in an ordinary H type tube containing the vapour. The H F. discharge v^-as 
found more favourable" for the jjroduction of the system. V 

'1 

A number of spectrographs were used to photograph the spectrum -\a 
Fuess glass instrument, Hilger large glass and quartz Littrovv instruments and 
a lo-foot concave grating in the first order. On account of the peculiar nature 
of the spectrum, measurements had to be made on the small as well as the 
large dispei'sion spectrograms on a number of plates for different regions. The 
usual international iron arc standards were adopted to reduce the plates. 

DESCRIPTION OF THE SPECTRUM 

The spectrum cannot be adequately described without reference to the 
photographs, some of which arc rejiroduced in Plates VA and VB. Figures 
a, h and c of Plate VA are glass F'uess sjiectrograms from A4qoo to A3800, 
giving a general view of the entire system of bands. The development of 
the system below A3900, which is poor in the glass instrument, is shown in 
the quartz I,ittrow picture. Fig. d, Plate VA. The. heads give the appear- 
ance of a complex system, with one marked regularity. Over a wide range 
towards the violet end, they occur in well-separated groups each consisting 
of about four or five equi-spaced components with an interval of approxima- 
tely 38 wave-number units. The fluctuations of intensity^ show a kind of wave 
appearance such as is observed in the band systems of sulphur or of selenium. 
There are altogether about 300 band heads within the region A5300 to A3800, 
being very crowded in the central portion. The bands near the red-end show 
gieater diffuseness an^j many of them appear double. In each of the groups 
at the violet end, the intensity rises and falls suggesting the formation of 
shoit sequences. At the violet end, the heads are sharper and clearly red- 
degraded ; diffuseness sets in and increases as one goes towards the red. The 
peculiarities of appearance noticed by Howell in the thallium chloride au^ 
thallium fluoride bands are pot observed in the iodide system-— namely tl^e 
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doubling at the head and the occurrence of the so called "absorption lines" 
in the emission spectrum, nor does the iodide system resemble closely that 
of the bromide, which consists of long progressions with very intense, sharp 
and line-like heads near the shortwave side. 

The kind of evidence of the existence of isotope effect that is found in 
thallium chloride and thallium bromide bands is absent in this system as 
iodine has no isotopes, leading to a special difficulty in the interpretation 
of its structure. The effect due to the thallium isotopes, however, is seen in 
the doubling or broadening of the heads in the region of longer wave lengths. 
An evidence of this is seen in Plate VB Figs, e and f, which are enlarge* 
meuts of the spectra in this region taken by the Fuess and the concave 
grating respectively. Fig. g, in Plate VB shows another system between 
A.3680-3600 which is also ascribed to the thallium iodide molecule. ll 
consists of three or perhaps four continuous patches superposed by distinct 
sequences of bands having nearly the same wave number interval of about 
28 units as in the first system. 

R e vS II I, T S 

Table 1 is a catalogue of the band heads assigned to the first system and 
Table 11 gives the data for the second system. The tables are self-explanatory. 

Tabi.e I 


Wave: length 

Tilt, 

Wave mini her 

Classilica- 

tioii 

Wave length 

lilt. 

Wave number 

Classificfi 

tion 




v\ v" 




v\ v" 

3812 96 

2 

26218 9 

5,0 

23-93 

4 

25 -' 177..5 

2 4 

17.5^ 

2 

26187.6 

6 T 

28.33 

4 

25448.9 

3,5 

a 1.64 

2 

26159.4 

7 t 2 

32.95 

3 

25419.0 

4,6 





37.76 

2 

35388 0 

5.7 

25.60 

2 

.26132.3 

4.0 






2 

26102.6 

5.1 

3940.90 

3 

2 ,S 3 <> 7.8 

- 

3.1.60 

2 

26071.0 

6,2 

45*30 

1 

25339»5 


38.60 




49 . 8 ^^ 

1 

35310.6 


2 

260.i|3,8 

3.0 

51.92 

I 

25297-0 


12.9c 

2 

2601^1.7 

4.1 



25267.7 


'17 40 

2 

25984,2 


56 SI 

3 

S.8 





,60,86 

4 

25239-9 

6,9 

51-90 

2* 

1 25953.9 

2 0 

65.73 

3 

25208.9 

7,10 

56.66 

2 

259.21.9 

3,1 

69.74 

4 

25183-5 

8,11 

61.41 

2 

25890.0 

4,2 

81,91 

1 

25106,5 





82). 26 

2, 

25091.7 


65.31 

2 

25863.8 

1,0 

88.99 



8;i2 

69-43 

2 

25836,3 

2,1 

3 

25061.9 

73*75 

3 

25807.5 

3 ,^ 

93.37 

4 

25034-5 

9.13 




96.80 

4 

25012.4 

10,14 

77-88 

5 

25780 0 

0,0 

4 (X) 5.96 

I 

3 - 1955-8 


88 . 2 S 

3 

2575 - .8 

1.1 

10.04 

I 

24930.4 





13.82 

1 

24906.9 


96.80 

2 

25654 8 

c,i 



24887.2 


3900 78 

5 

25628 7 

1,2 

17.00 

4 

10,15 

04.92 

-1 

25601.5 

3.3 

21. 81 

4 

^4857-4 

11,16 

09.19 

3 

2 S 57 .V 5 

* 3.4 

26.53 

3 

24828.3 

i2;i7 

17.84 

t 

255 ' 7 '^ 


31.49 

2 

24797.7 

13.18 

3 P.I 0 

I. 

25502 4 


4^52 

I 



24730.1 

1 
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Wave length / M.l Wave uninber 


CInsaification I Wave length 


46,30 

SO-33 

55-09 

57-38 

60.43 

62.57 

64.(51 


4152.24 

57-14 

62-37 

67.02 

72-35 

77.64 

82.50 

87-27 

92.56 

96.36 

4207.73 

10.09 

13.28 

17.36 

23.26 
27.60 
32.69 

36.15 

.38.27 

40.78 

43-6i 

48.45 

53-41 

58.31 

63.47 

69.66 

74-76 

77-41 

79-75 

81.95 • 

84.33 

89.26 

94-34 

99.80 


24707.0 

24682.4 

24653-4 
24656 5 • 

24631.0 

246.8.0 

24593 -9 

24506.0 

24477 J 

24450-2 

24419.6 

24305.3 

24275.5 

24245.1 
3421S.J 

24217.2 

24249.2 
24131 8 
24IJ7-5 

24103.6 

24076.6 

24048.2 
24018 0 

23991.2 

23966.3 
23930.2 

23902.4 

23^57.5.2 
23S46 2 

23523.5 

23759.1 

23745.8 

23727.8 

23704.9 

23671. 5 

23647.9 

23619.0 

23599-7 

23587.9 

23574.0 

23558.2 

23531.4 

23504.0 

23476.9 

23448.5 

33414.5 

23386.6 

23372.1 ^ 

23359.3 

23347.3 

23334-4 

23307.S 

23279.9 

23250.4 


v', v" 


X2,i8 

13, J9 

14.20 

IS>2t 

16.22 

I5i22 

16.23 

17.24 

18.25 

18.26 

19.27 

20.28 

21,39 


21.31 

22.32 

25.33 

24.34 

25.35 

26.36 


25.36 

26.38 

27.38 

24.36 

25.37 

27.39 

28.40 

29.41 

30.42 

27.40 

28.41 

39.42 

30.43 

31.44 

32.45 

29.43 

30.44 

31.45 


4306; t8 
11.23 
15-Si* 
21.3* 

4326.14 

31,62 

37.43 

. 42-58 
47.69 
52.88 

57-87 

62 61 
67 24 

69-33 

74-91 


19.28 

80.09 

20,29 

85.04 

31,3 > 

S9.84 

95 61 

22,31 

4400.93 

23,32 


24,33 

I 06.75 


11.98 

17-47 

22.57 

28 89 

33.53 

J9-63 

44-56 

50.28 
55 ro 

60 82 
66.40 
67.52 
72.64 
75-01 

77.88 

84.19 
88 87 
94-57 


4500.35 

06.62 
It. 64 

1743 

22.88 

28.54 

34.16 

39-76 

45-57 

47.86 

51.71 

57-14 

62.79 


hit 


3 

3 

2 

5 

3 
3 

3 

2 

I 

4 

^ ! 

2 1 


Wave number 


3 

4 
2 
2 

2 

3 

4 

5 

2 


: »3lfi8.7 

*3163 5 

33134.6 


33108.8 

33079 6 

[ 23048.7 

23021.3 
22994-8 

22966.9 

22940.6 

22915.6 

22891.4 

22880.4 
22851.2 
22924 2 

22795.4 

22773.5 

22743.6 

22716.1 

22686.1 

22659.2 

22631.1 
22605. 

22572.7 

22549.1 

22615.1 

22493 1 
22.^04-3 
22436.9 

22411.0 

22383.8 
22377 5 

22351.9 

22340.1 

22325-S 
22294 3 
22271,0 
22242»9 


22214 3 
22183 4 
22158 7 
22130 3 

22103.6 
22076.0 

22048.6 

22021.4 

21993.3 

21982.2 

21963.6 
^1937-S 
21910^3 


Ciassifica 

tion 

v\ v" 


■ ^'■*.§(,43 
>'£1,45 

31,46 


33.47 

33.48 

34,4.9 


1 


31.47 

3*. 48 
33.49 

4.50 

5,5* 

6.51 


3t,49 
33LSO 

34.51 
31,49 

3*,50 

33.51 

34,5* 

31.50 

32.51 

33,5* 

34.53 

35.54 

36.55 

37 , 6 

34.54 

35.55 

36.56 

37.57 

38.58 

39..';9 


36.57 

37.58 

38.59 

39.60 


36.58 

37.59 

38.60 

39.61 

40.62 

41.63 

42.64 

39.62 

40.63 

41.64 
43,66 




3594. 63 
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Ware length fnt. Wave number Classiecfttion 


Wave length Jnt. Wave number 

■ .'tion ■ > 


4615.75 

20.85 

37.99 


4703.05 

J0.03 

32.10 


21858.0 

31842.4 

21637.1 

317^9.1 

217744 

21764 8 

21661 7 
21635.;. 
21601.6 

21581.5 

21551.6 

21527.9 

21496 3 
21470 7 

21443 2 

21417.5 

21382.6 

21334-7 

21307.2 
21284 0 

2 J 256.9 
21225.4 
21171.1 


TABtE 11 


Wave length 


3688.87 

84.98 

81.24 
77-86 
74 »3 

70.79 
67.07 

63.80 
60.59 
57 40 

53.94 

50.37 


3588.03 

8513 


Wave number 


27100,9 

27129,5 

27157-1 

27182 0 

27209.7 

27234 4 
27262 . Q 
27*86.3 

27310.3 

27334. j 

27360.0 

27387.2 

27430.0 

27456.9 

27484.0 

27506.2 
27.539 5 

27567.9 

27619.1 

27644.7 

27672.4 

27701.3 
27726 7 

27862.5 

27885.1 


Classification 


A?) 

(9,8) 

(10.9) 

(li.ro) 

(12,11) 

( 13 |I 2 ) 

(11. 9 ) 

(12.10) 

( 13 .1 1 ) 

(14.12) 

( 15 . 13 ) 
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VIBRATIONAI, ANALYSIS 

The well marked regularity iii the baud system mentioned earlier served 
as a starting point in the anaiysis. The clearly sei)arated groups, each con- 
sisting of a few almost equi-spaced bands with gradual rise and fall off in 
intensity, are considered as different sequences. Two chief difficulties, how- 
ever, presented themselves in working out the analysis further ; (i) The loca- 
tion of the origin of the system. At this Stage a comparison is made with 
the known systems of the other thallium halides whose structures are W'ell- 
eslablished. The main system in each of these molecules occurs in the near 
ultraviolet with the system origin located at the mo.st refrangible end j if a 
similar feature is expected in the main system of thallium iodide and if in- 
tensity considerations and variations of the interval between the successive 
groups are also taken into account, it seemed that the strongest band ai 
v= 25780.0 cm."' may be the (0,0) band of the system. (2) The second! 
difficulty is in respect of the magnitude of the values of to' and to" ; several), 
alternatives of choice are available; the interval of 28 cm." ^ between the 
neai'ly equi-spaced bands in each sequence suggested the approximate value 
of the difference between to' and ti>". The individual values may be one of 
the following sets : — 


go 

120 

120 

ISO 

ISO 

t8 () 

180 

210 


Petrikaln and Hochberg (1933) have quoted (p. 229, table 14.) a value 150 
for to". It is a common t)bscrvation in band spectra that the vibrational con- 
stants are not much altered in the case of a row of heavy diatomic molecules, 
formed by a successive addition of an electron. The follow'ing table illus- 
trates this feature in the halides of Au, Hg, T 1 etc. 


TABI.U III 

(jionfid stale Constants 



Au 

i-ig 

•r, 

Vh 

. Bi 



* < 190.8 

475-0 

5069 

512,0 

Cl 

383 

293-4 

387 5 

304.2 

, 3 lo 8.4 

Br 

~ 

iS 6.3 

192. 1 

207.5 

, ^09-5 

1 

— 

3257 

121.0 

— 

163.9 
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TABtE IV 

Vibrational Conxtanlx of Thallium Halides * 





ar/we' 

1 



TTF 

35180.7 

439-8 

8 60 

175-0 

1.89 

TlCl 

31054-2 

216 9 

6.80 

287.5 

124 

TIRr 

■19191-5 

108.3 

5.X5 

192,1 

0.39 

Tri 1 

j 

35685.9 j 

gi.o 

t).2o 

3 21.0 

0 t8 


Table III suggests that for thallium iodide, the value of may be approxinia'* 
tely either 150 cm."’ or 120 cm"’ . A further comparison of the ground and excited 
state constants of the thallium halides as shown in Table IV indicates that of 
these two probable values the latter i.e. 120 cm."' is probably to be preferred, 
as it would simultaneously lead to an w' value which is quite consistent with 
the corresponding values of the other halides. If 150 cm. be adopted for 
w", the value of w'f will be 120 which is entirely out of step. Hence, of the 
different possible alternative schemes of the vibrational analysis of the bands, 
the authors have adopted the one which gives co'^go cm. and a)"~i2o units. 

The clas.sification of the bands arrived on the above basis is shown 
in the last column of Table I. It has been possible to include all the bands 
right up to A 5300 into a single vibrational scheme, although, as will be seen 
later, a doubt exists regarding the cla,ssification of the bands in the extreme 
red. 

V I B R A T 1 t) N A L C O N vS T A N T S AND I .“S O T O P R R F P B C T 

Confirmation of the vibrational analysis from a study of the isotope effect 
is desirable in dealing with systems of this type. But the difficulty has 
been that iodine has no isotopes. Thallium has two isotopes of mass 205 
and 203 in the abundance ratio -2.4; 1 and it should be possible to detect 
the weaker 203 isotopic head for the molecule ; particularly 

when band heads with very large vibrational quantum numbers are identified. 
For this purpose the vibrational constants for the system arc derived as 
accurately as possible. The source of error, here arises from the absence of 
long progressions or sequences and the very low value of the anharmonic 
constant, apart from the uncertainty in the measurement of wavelengths due 
to diffuseness. A graphical method is made use of, trying to average out 
tire discrepancies in the AG (v) values for both upper and lower states. Curves 

"Values for Til, contained in this table, are those obtained in the present work. 

* t A value of 30 may also be possible, but is equally out of step. 
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in Fig. 1 show the manner in which and AG(v") vary. If linear 

curves are drawn through the points, the estimated constants are 


Wg'-gi-S *= 121.3 



5 10 IS 

V 


Fig. 2 

Ihe IV values calculated from bands spread-over the entire region of the 
spectrum seldom differ by more than 5 wave number units. Hence the usual 
quantum formula with the above vibrational constants represents the entire 
system. , 

Using the above approximate values of the vibrational constants and 
the factor (/>— 0.0019 for the thallium iodide moleculC) the isotopic 
separations given by the usual formula (Jevons’ Report, p.213) 

v‘-v=(p-i) 
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is calculated for a number of bands. The order of separation for bands at 
the extreme red is about six wave number units ; e.|r., for the (39,58) and 
(49.73) bands it is 5.7 and 6.8 wave number units respectively. Plate VB, 
Fig. / is a concave grating spectrogiara of the bands in the red region taken 
in order to identify the *"■'' 1 ’“' isotopic heads. It is easily seen that the 
bands are extremely diffuse and unsuitable for measurement. But evidence 
is found in these bands either of a broadening or in several cases of the splits 
ting of the head into two components with an estimated interval of the same 
order as the expected isotopic, displacement. No further detailed study of 
the isotope effect has been possible in this system. 



l iG. 3 

Knergy levels of TlP, TlCl, Tlllr and TII. 


INTENSITY DISTRIBUTION 

The intensity distribution among the bauds, if the proposed analysis is 
correct, is an exceptional feature of the system. The distribution is represent- 
ed in a vibrational matrix in Table V in which the visual estimates of intensity 
are shown in place of the wave numbers, A prominent difference between 
this and the other halide systems of thallium is noticeable in respect of this 
intensity distribution. Predissociation is detected in thallium ffuoride, 
chloride and bromide bands ; the upper state being cut off at a specific 
vibrational level which is different for the different molecules. This predis- 
socialion is considered as probably responsible for an indentical intensity 
distribution among the bands both in emission and absorption. In thallium 
bromide in particular, there are just six progressions which are observed up to 
a— i7iaP— 5 
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a very higlx value of v". No evidence of predissociation exists iii the thallium 
iodide system. Table V shows that bands occur involving high values of 
both v' and Tins peculiar distribution may in part, arise from the 
absence of predissociation and may also be due to the low values of a-w for 
the ground and excited states and the relative magnitude of w' and m". These 
latter constants arc neither nearly equal which would lead to a narrow Condon 
parabola nor is their ratio too large or too small which would give a very 
wide and open parabola. The ratio is such that just a few bands alone may 
appear in a sequence or a progression. 

If a curve is drawn through the more intense bands, we obtain, instead 
of the usual parabola, one iu which one arm is exceptionally long. At the 
end of the system, the intensity distribution is erratic. It must be stated that 
due to this and the possible large errors in measurement, the cla.ssification jof 
the bands in this region may be uncertain. \ 

One view which prevailed from the outset owing to the exceptional 
intensity distribution was (Rao and Rao, iq/jS) to regard the system as made u^ 
of two different overlapping systems. The crow-ding of the bands and the rise, 
in general intensity in the central portion of the system at about A4300 
(Refer Plate VA Fig. a) are suggestive of such a division. Just at this region, 
the origin of the second system may be situated with the system extending 
towards the red . But a more detailed examination revealed that at the red 
end of the system, the order of the intervals between the groups is about 
iTO cm.~^. [f these bands form part of a second system with the ojigin near 
\4300, the value of iro is too low, since the anharraonic constant is expected 
to be small, while, if they form part of an extensive system w-ith the origin at 
A3878, the value of no is of the right order of magnitude. It is because of 
this consideration and also of the difficulty, as discussed later, in interpieting 
the electronic transition of a brief system of bands observed on the violet end, 
that the view of the division of the main system into two components had to 
be abandoned. All the bands from A3800 to A5300 are legarded by the 
authors as a single system. (Rao and Rao, 194S). 

E b R C 'I' R O N 1 C S T A T R S 

Miescher and Wehrli (1934 aud 1935), Howell and others (1937) discussed 
the electronic states of the halides of group III elcmenls Al, Ga, etc., in rela- 
tion to the observed baud spv’ctra. Holst (1934) and jenuergren (1948) have 
established the ground states of the molecules AlCl and AlBr as . For the 
other molecules as well the ground state may be in all probability a similar 
Two systems are known <n most of these molecules one of w-hich is a singlet 
lying in the far-ultraviolet and the other a doublet system occurring in the 
near ultraviolet. Both have a common lower state ’ 2 * arising from the 
electron configuration <r'‘‘n*. The excitation of one the n electrons produces 
the configuration o-VV giving rise to the molecular states 'x, ’’"‘r 

gnd (inverted), As shown by Howell for thallium flouride chloride and 
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Table V 

Intensity distribution in the thalliutn iodide main system 
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bromide, the singlet system may be identified as o-’VV, V-crV, *‘2*^ and 
the doublet system as a forbidden transition ''fr/ — and Vx-’S". The 
singlet system is predominant in the alluminium, gallium and indium halides 
and the doublet system is either absent or poorly developed, while for TIF, 
the two systems are of equal intensity. Such a relative intensity behaviour 
is consistent with the above assignment of transitions and indicates, as 
Howell remarked, that the binding from Ga-S'In-^Tl approachc.s more and 
more to Hund s case (c) as the molecule gets heavier.* In the heaviest 
molecules of this type, namely TII, one has therefore to anticipate the 
predominance of the forbidden transitions and On 

this account, it was at first considered probable that the extensive 
system observed for Til in the appropriate wave length region might consist 
of two overlapping components. 

Further scrutiny of the plates has revealed a second short region between 
A3680— A360C) in which distinct band heads, overlaid by a continuum, arc 
observed. The.se consist of four groups of nearly equi-spaced components 
with an interval of about units. The four groups appear to be different 
sequences, the strongest of them at A 3670 perhaps being the A'ii = o setiuence. 
The interval of i jo cm.”^ also exists between certain heads in these groups 
which is of the same order as that of the lower state of the main system. 
There is an impression of a degradation of the bands in the direction of 
.shorter wave lengths. With the aid of these regularities, the vibrational 
scheme in Table VI has been set up which includes all the band heads. 
Wave length and other data of these bands arc given in Table 11. The 
following approximate constants have been determined from the analysis, 
and curve in Fig 2. 


i'(n,fl) = 37ioi ; c,)/~i5i ; ' 120 . 

If the main system is treated as itself comprising of the two components 
‘tto'— and 'Vj — '2 ^, the interpretation of the brief system becomes 
difficult. On the other hand when the main system, in spite of its unusual 
intensity characteristics, is regarded as a single component due to the 
transition “jt, — 'S^, the brief system may be the other corai>oueut V,/ " 

Such an interpretation would give the ‘V interval as 1321 cm.”*, which is 
quite in keeping with the corresponding intervals in the other halides as 
sJiown in Table VII. 

F'urther, the characteristic features of this brief system are intrinsically 
such as to support this view. While for example in TIF both the components 
are observed consisting of band heads, in TlCl and TlBr this second component 
may presumably be a lepulsive predissociating state. The diffuseness of the 
bands overlaid by a continuum and the fragmentary development of the 

*■ When the coupling is of this type, the states S"' and 3 ,, should be denoted as 
’o^andSi. 
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system may hence be consistent with the assignment of the system as 

*r 

TABtn VII 



A 1 

Ga 

In 

T 1 

r 




J 682 

Cl 1 

i 

333 

796 

U 107 )* 

Hr 

1 

! _ 

370 

786 

(87a)" 

I I 

i 

jgy 


649 

1321 


* Ai>proximatc estimates from the coutinua. 


A schematic diagram of the electronic transitions for the lialides\of 
thallium is given in Kig. 3 which is an extension of those presented 
by Howell. \ 

Bands due to the transition , if they are present in TII, are y(it 

to be discovered. They are not found in emissioji under the conditions 
in which they are idiolograplicd in this work. Absorption experiments too, 
which are in progress, may not be expected to reveal this system. 


Andhra IJnivuksi'i'y, 
Wau'axr. 
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THE NEAR ULTRA-VIOLET SPECTRA OF BENZENE 
PART I. THE EMISSION BANDS 

By R. K. ASUNDI and M. R. PADHYK 
Plate VI 

ABSTttJLCT. All emission spectrum of bemseiio in the near ultraviolet is excited 
by a transformer discharge through fl()\^ ing benzene vapour. 'Hie spectrum which was 
previously recorded by Austin and Black, and Asundi and Padlo’e, has been considerably 
extended and a large number of bands, 200 or more, have been photographed and measured 
on suitable instruments. A full analysis of the bands is propo.sed which is on the basis 
of that of the absorption spectrum of benzene by Sponer (?/ al. The results afford further 
proof of the correctness of the theoretical deductions regarding this molecule and its excited 
levels put forward by Hi’ickel Sklar, Pauling and others. The main results of the present 
investigation are the following : 

, (1) The emission spectrum obtained is the counterpart of the corresponding absorption 
spectrum, the transition involved being 

(2) As is to be expected, the spectrum jdelds much more information about the ground 
.state of the molecule than either absorption or fluorescence spectrum. 

(3) It also exhibits a pronounced development of doublets due to Fermi resonance 

between the two vibrations 1596 cnFi (cj) and 606 992 cm" which are 

traced up to four quanta of 992 em'V These arc further assueinled with five quanta of 
160 enr* difference frequency. 


T N 'f R O I) U C T I 0 N 


'J'he ftlnictiire of benzene a hydrocarbon discovered by Faraday in 1825 
has been a difficult problem from the very beginning and it was not 
until i86s that Kekule first arrived at the conception of the benzene hexagonal 
ring or a closed chain of six carbon atoms with six hydrogen atoms all 
similarly situated. From lime to time many other structural formulae have 
been suggested to explain the characteristic properties of benzene but with 
the advance of the concept of structural resonance it is now clear, Pauling 
(1948) that all of them can be represented by eigenfunctions which are 
linear combinations of some or all of the following five cannonical structures 
which, in fact, contribute to the normal benzene molecule : 






/ 





k. 








! 

) 


V' 




•\i/ 


Kekule 2 


Dewar 3 


The molecule acquires greater stability as a result of resonance among these 
five independent structures but it is interesting to find that approximately 
80% of the resonance energy conies from the two Kekule structures alone. 
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I’Jjc conception of resonance is a development which is of importance 
for aromatic ring molecules and for molecules with conjugated double bonds. 
In the case of benzene, HUckel (193^) and more directly Pauling and Wbeland 
(jg-iO, and Sklar (1937; m^) kavc attempted to develop the theory quan- 
titatively, Assuming that the benzene molecule has symmetry these 

authors show that the two Kekule and the three’ Dewar formulae represent 
canuonical structures from a linear combination of whose wave functions, 
five electronic energy levels result for the molecule. T.hus on account of 
.structure resonance the different energy slates split up and are recognised 
and obtained in terms of the exchange integral which can be calculated' from 
thermocheinical data. 

Similar calculations have been done by Ooeppert-Mayer and Sklar (i93j8), 
Mulliken (1939) and others based on the molecular orbital approximatibn. 
They treat it essentially as a six electron problem and examine the cxciia- 
tion of one of the electrons to the next orbital. The values obtained for the 
energy of the different electronic states agree in both cases after slight modifi- 
cations are made to suit this particular problem. Sklar also classified the syiri- 
metries of the resulting electronic states from group theoretical considerations* 

These theoretical developments were well explained on the experimental 
basis in a paper on the near ultraviolet absorption band sy.stem of benzene 
by Sponer, Nordheim, Sklar and Teller (1939). This work was followed by 
Spouer and many other iuve,stigators w’ho have interpreted the absorption 
spectra of h'xadeuterobenzene and various derivatives of benzene»on similar 
lines. Attempts to interpret the absorption and fluorescence spectra of 
benzene have been made cpiite early by Henri and others. But obviously 
the results arc of little interest from the present standiioint. 

In recent years apart from the fluorescence and resonance emission 
(Ingold and Wilson, 1936) the only data on ihe emission spectrum of benzene 
have been those of MeVieker, Marsh and Stew'ait (1923) and, Austin and 
Black (1930). These authors produced the spectrum by 'I'esla discharge 
through flowing benzene vapour with external and internal electrodes respec- 
tively. The wavelength data of the former workers are few and accurate 
to one angstrom unit, n'he data of the latter are more in number comprising 
nearly 100 band heads; the accuracy claimed is about ± 3 cm”*. The 
number of multialoinic molecules which yield emission ^'Spectra is rather very 
limited. I he leceut advauecs in the theory of the benzene near ultraviolet 
absorption spectrum prompted us to reinvestigate the emission .spectrum, 

A preliminary account of the results obtained in earlier experiments using a 
Hilger medium quartz si)ectrograpli has already appeared (Asundi and Padhye, 
iy45)' Later, it has been possible to extend the band system considerably 
towards longei waves and photograph the much more enriched spectrum 
consisting of 300 or more band heads with a Hilger E, quartz spectrograph. 
An account of these investigations forms the subject matter of the present 
paper,. 
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E X P B R I ME N T A 1/ PROCEDURE 

It was found that m addition to high frequency (h.f.) discharges either 
from a Tesla coil or a suitable oscillatory circuit, also an ordinary trans- 
former discharge excites the emission spectrum of benzene, so long as the 
vapour is continuously renewed. A discharge of any of these sources in the 
stagnant vapour of benzene gives only the usual spectra of CO, Cg and CH 
associated with carbon compounds. It is, therefore, essential to have the 
discharge run through a properly regulated flow of benzene vapour. In the 
present experiments the high frequency oscillations Irgo — 400 metres) gener- 
ated in a modified Hartley circuit with external electrodes as also a transform- 
er discharge with internal electrodes have been used to excite the spectrum. 

The discharge tube was hence constructed to suit the two types of excita- 
tions. It consists of a simple tt type tube about 35 cm. in length and 1.5 cm. 
in diameter. The electrodes were cylinders of aluminium attached to plati- 
num seals, the distance between the electrodes being about 30 cm. or even 
more in some cases. A quartz window was attached at one end while the 
other end was sealed off.. Since it was desired to maintain a continuous 
regulated flow of benzene vapour through the tube, two side tubes with high- 
vacuum stop-cocks were attached to the two ends of the tnhe, one of them 
being as near the window as possible so that the possibility of reabsorplion 
by unexcited vapour is minimised. A bulb containing liquid benzene was 
attached to the discharge lube which was exhausted by means of a high 
vacuum pump through, or in some cases without, proper absorbing agents. 
The apparatus was firmly mounted on a wooden stand and was portable. 

To start with, the discharge obtained in the case of stagnant vapour witli 
h.f. oscillations was line-like with a greenish blue colour in the region 
between the two external electrodes which were about 1.5 to 3 ems apart. 
After some time the discharge took the form of a rotating spindle developing 
bluish tails on both sides extending beyond the external electrodes. The 
tails then gradually disappeared and the discharge grew brighter. In this 
condition the discharge gave prominently the well-known Angstrom bands 
which were originally scarcely visible. Accordingly, the spectrum was t.)hoto- 
graphed by reuewfing the benzene vapour in the tube occasionally before the 
discharge turned brighti in which case the benzene bands wdth only a few 
Angstrom bands in the visible region were registered on the plates which were 
free particularly from the third and fourth positive cai’bon bands in the ultra- 
violet. Some plates were also taken when the discharge was passing through 
continuously flowing vapour. In this case the flow was regulated so that the 
discharge always remained in the first or second stage of its development 
mentioned above. The plates registered only the benzene bands in the ultra- 
violet with no trace of any of the carbon bands, even the Angstrom bands in 
the visible being completely absent. The discharge brings about a plastic 
deposit of a dark reddish brown colour on the walls of the tube. The inten* 

3^i7I2P-«5 
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sitY of the discharge is low and the usual time of exposure needed to get a 
frood plate ou a medium quartz spectrograph was of the order of rj hours. 

The transformer discharge could be used only with the contmuously 
nowiug vapour. In sta^>uaiil vapour the discharge very tjuickly gets to the 
bright type giving only the carbon bands. The Sow of vapour was adjusted 
so that the discliarge always remained of a particular colour and brightness. 
The plastic deposit on the walls of the tube due lo the dischaige made it 
rather difficult to be sure of this adjustment. The rate of deposit was greater 
than in the h.f. discharge. After every two or three exposures, each of about 
four or three hours duration, the deposit had to be scraped off the lube and 
the window and tube cleaned with benzene. The intensity of the discharge 
was very much greater than in the h.f. discharge, the usual time of exposure 
on the same medium quartz speciro-graph being of the order of 2 J hojirs. 
The spectra could, therefore, be photographed on a bigger "R, instrument 
where the time of exposure was of the order of 4 hours. \ 

Since the bands attributed to lienzene emission lie in the ultravio^t 
region, the work was confined to this region only. Several plates were takqn 
with a Hilger medium quartz spectrograph. The. dispersion of the instru- 
ment round about 2600 S. js nearly 10 ^ per mm. Some plates were also 
taken with the same instrument wdth "the transformer discharge. The other 
instrument used was a Hilger E, quartz si)ectrograph (Littrow mounting). 
Plate VII gives the reproductions of two typical plates taken with this instru- 
ment for the transformer discharge through flowing benzene vapour, th? 
exposure time being about three hours. The dispersion of this instrument in 
the 2600S region Is about 3 S per mm. These plates show an extension of 
the emission band system by three more groups on the longer wave-length 
side. Kodak B 20 and Ilford special Rapid plates were used throughout the 
present investigations. The liquid benzene (b. p. 8o°C) supplied by the Fine 
Chenjicals Section of this Univers-'ty w'as used without further purification. 

All the spectra taken were centrally superposed by the si)ectrum of either 
a copper or an iron arc taking about two amperes on 220 D.C. This served 
as a source of standard lines for measuring the plates. Plates were measured 
on a Hilger comparator whose least count is 0,0001 cm. As the whole range 
of the spectrum could not be measured in one stretch, the spectra were 
measured in two shifts- A low power adjustable objective was used and the 
re idings refer to the sharp head of each band . Three plates were measured 
and the mean of the three wavelengths was taken and converted to wave- 
numbers in vacuo using Kayser’s Tabelleu. The average error belw'eeu 
calculated and observecl readings is about 3.5 wave-numbers in the case of 
strong bands and about 6 wave-numbers in the case of the weaker bands. The 
results are recorded in Table I, in which column 2 gives the band heads in 
terms of wave-numbers in vacuo observed in the present investigations, 
column I gives the wave-numbers as reported by Austin and Black- On the 
average, our readings show an excess of 5 wave-numbers over their readings. 
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37238 

37240 

4 


37234.1 

37234 

37224 

4 

C 0-1596+2x364 

37230.2 




( 0 — 606 -f 584 - 849 



37204 

0 

0+520 -2 X 703 


371 ^ 1 1 

37167 

5 

B*0 

37160.4 


37136 


/|0.. 


37078 

37087 

1 3 


• 37081 


37052 

1 

(■l-l, 0—606+265—160 

37056 8 


37024 

1.5 

0 + 520—606—992 

37016,1 

37002 

3700S 

2 


37000.9 

86995 

36995 

2 

^ 0 — O06 — 2 X 703 + 923 

36950.7 


36979 

2 

bO()+ 2X240 


36956 

36961 

2 

EOj + 2 X 240 


36921 

36917 

0 


36925 


36891 

I 

0—606—265 — 2 X i6o 

36886 


36867 

‘5 

B»2-1 

36866 


36847 

(?) 

1 

»’l-I 


36S35 

36840 

0 


36841 

36773 

36777 

1 

rji., 

■36772 


^6758 

1 

i 7 o* 

36750 


36723 

■7 




36689 

0 

/?5„ 



36665 

I 

0 + 520 — 2 X 976 

36668 

36624 

36634 

2.5 

/l».2 

36624.7 




■'?KV<tv)«i;ir,';'n 




■SSrlit'.'''' 


i^te- 
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TabI(H I (cofitd.) 


I'vMC cm '* 

! 

Vvac 

Int. 

Assignment 

I'vuo cm'* of 

by Austin and 

in present 



absorption bauds 

Black 

1 

exptfs. 



Radle & Beck 


36590 

t 

04-520 — 2 s 1010 


36557 

36568 

3 



36532 

36544 

3.5 

0-703-849 

36538 

36497 

36504 

8 


3649^^.2 

36478 

36486 

8 


36478 

36436 

36442 

2 

““i-i 


36413 

36421 

3-5 

/a"!-. 

36413 7 

36388 

36398 

3 


36387 .8 


36371 

3 

6'‘-2. “"2-2 


36337 

36343 

4-5 


36342 

36317 

36325 

5 

3 *(i 



36301 

0 



36275 

36276 

1 

a*,-l 



36263 (?) 

4 (?’) 

0 + 1476-2 s i6.|8 


36251 

36254 

2 

WJi., 

36254 

36239 

36238 

3 


36233 


36206 

2 

C^- 2 > 0-606-265 — 992 


36176 

36182 

•2 5 


36174 

36157 

36166 

3.5 


36158 


36142 

0 

0 — 606—2 X 671 



36096 

a 



36068 

36073 

2 

0-606-2x703, 



36052 

0 

«^2-2 


36020 

36033 

I 

a\ 



36006 

1-5 




35983 

1.5 

0 — 606-2 X 671 -160 



35959 

u 

0+520 — 2 X i326,K®i 



35924 

0 

1 ) 3 - 1 , 3 ^ 1-1 



35871 

1 

“^0 



35848 

1 

/ 84 fl 


35839 

1 85838 

0 


I 
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Tabi^B 1 (contd.) 


by Austin 
and Black 

J'vuo cm'^ 
in present 
expts. 

Int. 

Assignments 

Knc cm‘* of 
Absorption ' 
Eadle Sc Beck 


35801 

I 

K\t 0-606-2 X 849 



35759 

•5 

0-3047+2x364 


3570 J 

35711 

1-5 

«®o 



35673 

0 

/ 9«0 



35645 

1 




35601 (?) 

0 



355 ^^ 

35580 

1-5 


\ 

35548 

35556 

3-5 

C-j. A'% 

\ 

355^1 

35517 

5 


i 

35485 

35492 

7 

/SO-I 


35450 

35455 

4 

A -2 



35125 

4 

8“i-» 


35417 

35415 

4 



35391 

35391 

3 

A'*o 

# 

35349 

35356 

3 

o>., 



35330 

4.5 

/»> , 


35322 

35316 


0 + 520 — 2 X 1648 


35389 

35293 

I 

“'i-j. “'"2 

1 


35269 

35264 

1 

2.5 

8*1-2. 0-606— 2X1110 


35237 

3523 1 

2 

6 ^- 3 , 


35288 

35193 

2 

“*-i 



35169 

4.5 

-8'-l 


35094 

35085 

2 

- 4 '*0,0-1596- 2X703 


35041 

35038 

2 




35007 

1 

®“-i 


34985 

34972 1 ?) 

1 

»'*2 



,34925 

•5 

A ' l , 


34875 

34877 

•5 

K'o 



34831 

0 

0 — 606— 2 X 1326 



34812 (?) 

0 




34797 

0 

0-1596 --4X849 

1 
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T\15 I.e I { conid ^) 


I'vac cm "' 
by Austin 
and Black 


*^v uc cm ' 
111 present 
expt^’. 


34592 (?) 


A^signTnc^ts 


1.5 


/I'O 1. n- 1596- 2 
Xg 7 o 


4.5 


0 -I 596 — ax loto 


5 5 /?'%. 3 

^ 0'*,, o'. 2 

3 3'-2. /’'“o 


of absorpljon 
Radle ^ Beck 


3 ^ 1 139 (?) 
34122 (?) 


2 ) «''o, 7’'-s 

I t *-4 

I a*-2. “'1 

X 1326 

1 “V-i 

0 ft \-3 

1 J?V, »*-3 

O 

1.5, «'*1, K®-! 


1.5 K'-I 


33726 

33S7.S < ?) 


o K^-i 

o A' .% 

1,3 ■•-3 (?) 
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TABr,K I [contd.) 


by Austin 
and Black 

^'vrto cm "^ 
in present 
expts. 

I hit 

^ Assignments 

1 ^vao cm 

1 of absorption 

1 Radle & Beck 

3^507 

33512 

' 3 



33481 

334 

3 



33440 

33450 

4 




33434 

4 




33425 




33.378 

33.584 

2.5 

“- 3 


333 ^*^ 

33347 

0 

^-3 


3328^ 

33387 

2 



33182 

33189 

0 

i 9»-3 



33136 

0 


J 

33 h 8 

33113 

0 


1 


33060 (*?) 

0 

A'O-j 

! 

\ 


32995 

0 


\ 


32978 

0 




32933 (?) 

0 


\ 


32890 

0 

KKi 

'V 


32819 

0 

0-3047 — 2 XJIIO 


32748 

32740 (?) 

0 

K^-i 


3266.'! 

32675 (?) 

0 



32582 

32591 

0 



3251^^ 

32524 

1-5 



32457 

32468 

1-5 

a^-^j ! 


32399 

32406 

2 

! 



32351 

1 

i 



32331 

0 

i 



32295 

•5 

a .‘i 1 


32263 

n 

! 


32237 

0 

1 

# 


32210 

0 

a-ij 1 


32152 

u 

“■-*1 



32099 (?) 

0 




32008 

1 




31935 

^ ! 

0 — 2 X 3(^80 



31^34 

0 1 




31S12 

i 




31762 

1 




31671 

0 

1 

31654 

31647 

0 




31599 

0 




31540 

0 




31483 

X 




31474 

0 

«'-»2 



31428 

0 




This discrepancy can be accounted for if due account is taken of the 
difference in the methods of measurement. They have taken the mean of the 
readings taken once when the microscope was moving forward and once when 
moving backward and they have pointed out that the difference in two read- 
ings was about o.25*A and never exceeding 0.5 A. We have, however, 
measured the sharp band head which lies to the shorter wavelength side of 
the estimated centre of the baud, the position to which their reading in fact 
corresponds. Column 3 Table I gives the visually estimated intensities of the 
bands relative to the strongest band as having an intensity 10. In the last 
column of the table the probable assignment is given in terms of the notation 
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first used by Sponer, Nordheim, Sklar and Teller in Iheir analysis of the 
absorption spectrum. In the next column are recorded the wave-numbers of 
the corresponding absorption bands as given by Radle and Beck. The 
analysis is discussed in the next Section. 

ANALYSTS 

The ultimate analysis of the bands assigning them to various series is 
indicated in column 4 of Table 1. The notation adopted is the one that has 
been used by Sponer ct al in the analysis of the absorption system. The 
absorption system has been measured by a number of investigators and more 
recently by Radle and Beck (1940). Their values have been used by Sponer 
ei at to show^ the general course of the analysis of the bauds. In the course 
of the present work on emission bands where some of the bands are common 
to both the spectra it was found necessary to effect a detailed analysis of the 
absorption bands. This was done using Radle and Beck's data. In the 
meantime a similar analysis of the same data was published by Garforth 
and Ingold (19^8. J"*’ The general considerations which govern the analyses 
may be described as follows : — 

Although the energies of the different electronic levels of benzene due 
to structural resonance splitting were obtained by various authofs, the exact 
symmetry characters of the excited states were first calculated by Sklar on 
the assumption of the symmetry for benzene molecule. Ihe ground 

state of the benzene molecule is one of total symmetry /lig (Mnlliken-Placzek 
notation). From the group theoretical considerations the symmetries of 
the electronic excited statCvS of the molecule have been shown to be B] w, 

EZ, the last one being doubly degenerate. The ultraviolet band system 
in 2600A region has been attributed to —B.^ transition, the calcula- 

ted energy of which is about 5 e.v. The einission bands under inve.stigation 
appear to be the counteri)art of the absorption hands. 

This transition, however, is normally a forbidden one on the following 
considerations. Transition between two stales (e.g. an excited and a ground 
state) with emission or absorption of light occurs only if the integral of at 
least one component of the electric moment P multijdied by the eigenfunc- 
tions of the ground and the excited stales does not vanish, Lc., 
is different from zero. Since the transformation properties of the elec- 
tric moment P transform in the same way as translation, this rule may 
also be stated as tliat the direct product should contain a term which Irans- 
fonns like one of the translations, the direction of which determines the 
transition moment. Thus in the case of benzene, the component of electric 
moment perpendicular to the plane of the ring transforms like Bu/y 
/hu while the in-plane components (x and y) transform like 

E^; (Aia En Bau^E;). Accordingly the transition between the two elec- 

* This paper came to hand after the work was forwarded for put)lication. 

4— 1712P— 5 
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Ironic vibrationless levels Au; and is forbidden. It can, however, be 
made allowed by the sui)erposition of hif, or vibration* on any one of 
the electronic levels for then the transformation condition will be satisfied 
Since in benzene the vibration of the symmetry type bifj does not exist, 
the main part of the spectrum has to be exi)lained as O-i or i-t) transitions 
of the four cj; vibrations upon which the progressions of totally symmetrical 
frequencies aw, are superi)Osed to any number of quanta limited only by 
the Boltzmann distribution and the Franck-Concioii principle. 

Benzene has four ri vibrations whose frequencies are 606, 
and 3047 !. The near ultraviolet absorption speclium of benzene has been 
shown by Sponer ci al and in more detail by Garforth and Ingold (19^8) 
to correspond to llie deductions given in the above discussion. 

One main difference between the absorption spectrum and the emission 
spectrum may, however, be noted at the outset. The absorption spcclnJjm 
show^s predominantly the excitation of the excited slate frequencies, wh^e 
in the emission spectrum it is the ground state frequencies which arc mainly 
excited. This mcaus» in the notation employed, that in absorption, bands 
with the positive subscript as Ai, A2i cle., and in emission the bands 
with negative subscript as j will be predominant, the sub- 

scripts themselves denoting the changes in the quantum number of tlie 
totally syniinctiical C vibration 992 in the ground state and of 923 in the 
excited staF‘. This is in fact what is observed, (see Table JM). yiie supers- 
cripts refer to the difference frequency of i6o cm"^ superposed on the main 
transition. 

The omission spectrum of benzene obtained in the present experiments 
extends from 2535A to 3170A. A reproduction of the spectrum is given 
in Plate I. The spectrum shows eight distinct groups of Viands which are 
very well separated from one another and occur like Ihe well separated 
sequences of Irands in a tyj^ical diatomic molecule. They, however, lose 
their distinct sequence character on the longer wavelength side and llie 
groups run into one another. The bands show sharj) heads and are degraded 
towards the longer waves. Some of the weaker bands on the longer wave- 
length side do not show any pronounced heads. The groups have succes- 
sive Viands 160 cm^’ apart. Within the group there is also a parallel group 
with weaker intensity, the bands belonging to which lie in betw’een the 
strong bands. In the second group at 2602A, such a group is formed by 
the alternate bands belonging to B and D series. In the third group starting 
from 2666A the alLerfiate bands are CJ and and are followed by r6o cm'"^ 
progression. The bands in the fourth group show two heads which are 
in fact doublet bands due to the phenomenon of P^ermi resonance between 

hollowing Spoiler, capital letters are used to denote the syimnetry properties of 
the electronic states and small letters to denote those of the vibrations, 

t Throughout tlie paper the figures for frequency represent waveuunibers in unit. . 
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the vibrations 1596 ej, and 992 606 0^ = 1598 oj. The first bauds of the 

following groups are due to superposition of 992 a j „ fre(iucncy on those 
Fermi — split levels. 

The A 2 band at 38609 is the strongest liaiid in absorption but in emission 
its presence is doubtful. Ali and even perhaps /I" ^ appear in the emission 
spectrum with moderate intensity, the fir.st one at 3762^1* and the second 
at 36634. Moth are loaded with one to four quantat of the 160 difference 
frequency between 400 and 240 (Table IV). The band at 37489 which is 
the strongest in the emi.ssion sjjectrum is the /?„ band (marked in Plate VI). 

It is further loaded with one to five quanta of 160 the difference frequency. 
There are two more positive members Bi and B'i at 38413 and 39335 respec- 
tively corresponding to one or two quanta of 923 («.,„) totally symmetric 
C vibration in the excited state. The C" band at 38523 is present in plates 
taken with the smaller dispersion instnunent and also in some plates taken 
with the bigger dispersion instrument but the intensity is very low. The 
negative members Cl,, Cl;, CI3 and perhaps Cl., are present as assigned in 
the table at 37533. 365^4. 35556 and 34565. The Cl, band lies very near 
D" band and hence the intensity estimation may not perhaps be correct. The 
CI3 band Idends with another band. Generally the intensity of these negative 
members is greater than that of the C“ band. There arc some combination 
bands At) = 0 of totally symmetric frequency a,,, occurring in the spectrum 
t’.g., C|_, at 38295 and Cl_2 at 38223 with 160 quanta loaded on them. The 
band D'^ at 37399 is strong in intensity and is further loaded with one to 
four quanta of 160. The band at 38323 can be interpreted as and that 
at 39248 as Da. There arc also bands corresponding to the excitation of 
four quanta of the 992 a, „ totally symmetric C vil)ration in the ground state 
and also some A"!. = O tramsitions of the same vibration. The E system cor- 
responding to 1480 frequency, which is the v^ilue of 1596 c*, frequency in the 
excited state does not seem to be present. 

The excitation of the 1596 ct, frequency is rather peculiar in the spec- 
trum. In the Raman spectrum the line corresponding to T596 does not 
occur but instead two lines at 1584 and 1606 appear. This splitting into a 
doublet is attributed to the perturbation brought about by Fermi resonance 
between 1596, a pure cj frequency, and 606-1-992 (i.c., Bl,) = i598, the 
combination of the rj and ax„ frequencies whose total eigenfunction has 
the ej, symmetry. The condition is, hence, favourable for resonance due to 
accidental degeneracy. In absorption there are two bands at 36496, 36478 
at a distance of 1592 and 1610 respectively from the 0-0 band at 38088 ; 
but the bands are very weak and no further members are pbserved. In the 
case of emission, however, many series of bauds involving the Fermi doublet 

* In this paper the position of the hands if not given in A explicitly, is to be taken as 
given in em'k 

t 'i'hough 160 cannot be exactly called a quanlitni since it is a difference frecjnency 
d»e to i-i transition of d; vihralioa, for brevity we shall continue to use that woid. 
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Table II 


i 

/' series ! 

j 

a series 

lilt. 1 

^ scries 

Int. 

series 

(calculated) 

(observed) 

i 

(obvserved. 


(calculated) 

K 36493 

0" 36493 

8 

as 36486 

8 

B-, 36491 


< 36343 

4 5 

PI, 36325 

5 




a?, 3fil82 

2.5 

a;; 36166 

3 




a;l 36023 

I 

j9* 36006 

3 5 




«,*, 35671 

L 

a,*, 35848 

0 



3550 > 


5 

E-'; 35492 

7 

3 

5499 


35356 

3 

/ 9-1 35330 

'b 5 

1 



35193 

I 

^-■f 35169 

4-5 

) 



»-? 35036 

2 

P-'i 35007 

I 




34877 

-5 




\ 

F'-i 34509 

0-5 34530 ■ 

3 

P-~ 3450J 

4 5 

34507 


34371 

3 

P-l 34338 

3 




o_| 34-208 

1 

P-l 34176 

3 




a_5 34046 

1-5 

34018 

0 



I'-i 5351'/ 

0-5 33549 

1-5 

33512 

3 

. B''< 33^15 


“-J 33384 

2.5 

P-}, 33347 

0 






PA 33189 

0 



F'h 32523 



P-'l 32524 


H'A : 

32525 




P-] 32351 

T 






P- 1 32210 

0 




“'1-136442 

2 

a, '.’1364 3 1 

3-5 




“1-136276 

1 

P,' 136257 

2 






^1-136097 

2 




“'1 -235455 

3.5 

Pi'iiSA^S 

4 




“ 1-235393 

I 

aiis 35264 ~ 

2 



FV 37416 

“1 37427 

0 






“ '538353 

2 






• 
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occur. The two bands at 36504 and 36486 which are the strongest bands 
next in intensity to the R“ baud are assigned to the Fermi doublet of the 
vibrational level. The frequency differences from the 0-0 band are 1584 
and 1602. They have been named in the present case as cx (36504) and /3 
(36486) respectively. Among the a system of bands those at 35517 and 
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34530 are assigned as wli and otla bands and there are series corresponding 
to the 160 frequency. There are also i-i, 1-2 and 2-2 transitions correspon- 
ding to the totally symmetric vibration. The bands at 37428 and 38353 
have been classified as due to the superposition on of one and two quanta 
respectively of 923 ai„ frequency in the excited state. Similar bands are 
present in the /3 system. The bands in the ^ system extend up to the loading 
of one to four quanta of 992, together with the 160 series. The bands in- 
volving the excited frequency of 923 ate also present. These results are 
shown in Table II which also gives the calculated values of frequencies for 
B"i and F series together with tlie observed a and .series. 

1 here is a weak band at 35038 which is due to the transition between 
the zero level of the excited electronic and the ground electronic state 
superposed by 3047 e* H frequency. This progression which is termed K can 
be put down as 

'’ = 38089 - 3047 -1- (v'i X 923) - (r)"i X 992) - (^3 X 160) . 

A’"-3 and k\ have also been observed. The fourth cl frequency of 
1178 doe.s not seem to be excited either in the ground or in the excited 
state in the emission spectrum. 

The second part of the analysis, as it may be called, consists of the 
excitation of the frequencies other than ct, and a~,y combinations. The 
values of these frequencies and their assiguineuts as given by Herzfeld, 
Ingokl and Poole (1946) as a result of their exjtensive work on the various 
deuterated benzenes differ from those given by Herzberg (1945) especially 
in the case of nine inactive frequencies of benzene. In Table III all the 
frequencies are tabulated as given in both data. 

There are three types of bands that arc analysed in this Section. The 
first type consists of doubly excited nou-totally symmetrical vibrations 
superposed on cl vibration in either electronic state, A large number of 
bands are classified in this way in absorptioir as well as in emission. For 
example the band at 39614 in absorption can be classified as due to double 
excitation of 513 a-iu vibration iu the excited state associated with 520 c’i 
vibration, similarly, the band at 40^59 as the superposition of this vibration 
on 1045 ^ii vibration which is followed by the members due to cii„ frequency. 
In emission the same vibration is doubly excited in the ground state 
associated with 606 iu the ground state. Also the band at 39487 is classified 
in absorption as -606 -t- 2 x 1001 and this latter double excitation 

also comes in with the ground state frequencies 1178 and 

1596 both el- In emission, similar excitation involves the frequencies 1596 
and ’3047 ill the ground state. Thus bands at 34-173 and 36589 can be classi- 
fied as such. The vibrations 985 and 703 h. the ground state and the 
corresponding vibrations 774 and 364 in the excited stale are also represented 
intheemissionspectmmas willbe seen in Table I. The h... frequencies 
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1648, mo and 1326 are also doubly excited and the batids corresponding 
to these have been assigned in the emission spectrum- The excited state 
values of these frequencies cannot be definitely determined from the absorption 
data. Most of these doubly excited non-totally symmetrical frequencies 
(non -degenerate) occur with the rj 520 and 606 vibrations- 

The double excitation of non-totally symmetrical degenerate frequencies 
with or without the i)resence of el frequency can make the transition allowed. 
In absorption the band at 39260 is classified as due to the double excitation 
of 586 e~, frequency in the excited state and is superposed by both the 160 
and 923 progressions. The corresponding ground state frequency does not 
occur in emission . The band at 37285 is classified as due to excitation of 
2X404 ct frequency. In addition the bands spaced 2x240 el fronirtlie 
strong B",,, P“o and a“o are present and are classified as such which is 
analogous to the G series in absorption where this non-totally syminetj^cal 
degenerate frequency appears with the e-l frequency in either state. 

Tabi.e in 


Sytiinietrv 

w" according to 

1 

Of" according to 


type of 

llerzbcrg (ly) 

Herzfeld el at 

ft»' ill cm~ ** 

vibratiou 

in cm" ‘ 

1 

in cm' ‘ 

i 



« 99^ i \ 

1 991 6 

f 923 (1) (S) , 


( 3062 i ( 

* 3062 

3iV> (1) 


i 


1 1 2565 (vS) 

«i!» 

1190 1 

1326 


bi,. 

f lOIO j ( 

[ 1010 

( JOOl (I) 


i 3063 ! 

1 3060 i 

1 

f 3138 (I) 


f 1854 ! ; 

r 1648 



(. 1145 

i ' 

tiiio ' 

1 


tia-' 

671 

671 

513 (I) 

h',! 

( 153^’ 

i ! 

• 985 

f 774 (1) 


( .S38 

1 ( 

1 703 

1 364 (1) 


( 606 1 1 

605.6 

( 520 (I) (S) 

ct 

5 3046.7 j 

) 3046.8 

5 3082 (I) 



M 178*0 

J 1045 (I) 


(.1596 i ( 

' 1596 

C 1476 (I) (S) 


f 148s ! 

f ’-485 


e: 

] 1037 

1037 



1 3099 i 

1 

1 3080 


c'i, 

848.9 i 

84.9 

586 (I) 

ft 

< 1160 j i 

i 970 

i 708 (1) 


(404 1 i 

1 40s 

t 240 (I) (S) 


* The values marked (1) are those given by Ingold and Lccke (1946) and those marked 
(vS) are used by Sponer ci a( in their analysis of the aboorption spectrum. 
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The frequency of tlie other totally symmetric H vibration is found 
to be 306a from Raman spectrum of liquid benzene, whereas the analysis of 
the emission spectrum gives 3054. The bands at 35556 and 33434 ai'C cloe 
to the superposition of this frequency on and B",, bands. Although 
these can be classified as C“;,, the strong intensity with which they 
appear indicates that there is a blending of bands. The baud at 33450 is 
cla.ssified as *"o — 30 S 4 - These are denoted as A'"u, B'“n etc., in Table I. 
These bands are followed by progressions due to frequencies 923, 992 and 
160. The value of this aa„ H frequency in the excited state has been taken 
to be 2565 by Bponer cl a 1 (1939). But Ingold and Oarfforth (1948) are of the 
opinion that this, as well as, other in-plane CH vibrations should increase 
in frequency on excitation because of the increase in the CH bond strength 
consequent on the weakening of the ring forming forces due to increase in 
size of the ring on excitation. This view ajipears to be substantiated by the 
failure of the Teller — Rcdlich product theorem if the proposed decreased 
frequencies are used and its validity if the proirosed increased frequencies are 
employed. Theoretical calculations by Grilling (1947) indeed indicate that 
such frequencies should increase in the excited state. 

This analysis is also completely included in Table I. Most of the bauds 
measured are thus satisfactorily analysed. The table shows that many 
bands are regal ded as blends which arc jnobably not separated for want of 
dispersion and resolution of the spectrograiih. Intensity considerations 
have been the main guide in ascertaining such blends. There are also cases 
where a weak baud is masked by the presence of a strong band. I'his 
ch'cumslance is clearly indicated when the higher members of the series 
stand out in compari.son with the acconqianying higher members of the 
stronger series which have lo.st in intensity. The proposed analysis is 
further corroborated by the ultraviolet fluorescence bands of benzene investi- 
gated by lugold and Wilson {1936). The identity of bands in absorption 
and in emission in the region in which the two spectra are common is .suffi- 
cient to prove that the emitter of both the spectra is a common molecule. 
The sati.sfactory analy.sis which is po.ssible in common to absorption, emission 
and fluorescence is a further proof for the essential correctness of our view 
regarding the emitter as well as the origin of the .spectra. 
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THE PRINCIPAL MAGNETIC SUSCEPTIBILITIES OF 
SINGLE CRYSTALS OF RARE EARTH SALTS 
AT LOW TEMPERATURES. 

PART I-~CERIUM SALTS 

By a. MOOKHERJI 

(Received for puhlicalion, May 17, tg4g). 

ABSTRACT. The principal .snsceptibilitics of cerium salts have been measured from 
room temperature down to liquid air temperature The results are discussed in terms 
of the theory of crystalline field. It has been found that (1) the deviation of the effective 
mean square moment of the Ce'*"'"*' ion, from the'Hund value for the free ion can tie ex- 
plained on the assumption of a single suitable cubic field, which is the same at all tempera- 
tures in the range studied la) The mean square moment is determined almost wholly 
by the cubic part of the field, the rhombic part has very little effect on it. (3) The varia- 
tion in the magnitude, of the cubic field as we pass from hydrated salts to anhydrous 
halides is found to be in the proper direction. (4) The xi-oxis of CeNH4 (SO412 4H2O 
crystal rotates by about i.s clegice.s as the temperature is lowered from 300“ K to Ss'K. 

INTRODUCTION - 

Rare earth salts are eminently suitable for systematic magnetic studies 
from various points of view, and have therefore engaged the attention of 
a large number of investigators. As is well-known in the rare earth ions 
the 4/ sliell is getting filled up progressively. All the inner levels 
are full as arc also 55 and 5/7 among the outer levels. Hence in these ions 
the electrons in the incomplete 4/ shell, which are responsible for the observed 
paramagnetic moments of the ions are partly shielded by the surrounding 
$£ and 5/> election shells from the strong electric fields in the crystals. This 
shielding action of the outer shell of electrons greatly reduces the ioflueuce 
of the crystalline fields on the paramagnetism, The quantuiii number / 
representing the total angular momenlum, will ben good quantum number. 
Unlike the salts of the iron-group, where the above-mentioned shielding is 
absent, and hence the effect of the crystalline field on their paramagnetism 
is much more pronounced, rare earth ions will to a large extent retain the 
properties characteristic of their free states. The effect of the electric field 
wiirbe to remove slightly a part of the (2/ + i)-foUl degeneracy pertaining 
to the given state. Following BCthe (1929), Van Vleck {1932), Penney and 
Schlapp (1932), we shall regard the crystalline electric field in the neighbour- 
hood of' the paramagnetic ion to conform to a potential of the type, 

' 5— 17I2P — 5 
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The square terms represents the rhombic part of the field and the fourth 
de}?rec terms the cubic part. The paramagnetic ion is regarded as being 
at the origin of the co-ordinate system x=‘y~s=o and x' = y'=z'=^o. We 
have neglected the si^fth degree terms and also a spherically symmetrical 
term ; the influence of the sixth degree . term is small compared with that 
of the fourth degree terms. 

The cubic part of the field predominates over the rhombic part and 
determines to a first approximation the deviation of the mean of the tliree 
principal susceptibilities of the crystal from the ideal free ion value. The 
rhombic part determines the anisotropy of the crystal and its influence 
on the mean susceirtibilities is quite small. 

The principal axes of the rhombic part of the field, namely, x', t and 
z' will not in general coincide with the axes of the cubic part namelylx, y 
and 2 and by suitable choice of the directions of these axes and the coeffici- 
ents D, A and B, one can build up a ci-ystalline field of any required sym- 
metry and magnitude in the neighbourhood of the paramagnetic ion. \In 
general, the unit cell of the crystal will contain more than one paramagn- 
etic ion. Associated with each such paramagnetic ion sayj(j = i to 2, 
where 2 is the number of paramagnetic ions in the unit cell), there will 
be a crystalline field with its own set of (;r y 7., x' y' z 0 < axes, and its own 
field constants (D, yl and B)i . Though / 1 ,B, and 7 ) may be the same for 
all the 2 ions and further the inclinations between the cubic and the I'hombic 
axes, (.c., between x,y,y. and x’ , y\ 7! may also be the same'for all the ions : 
in other words, though the dispositions of the negatively charged atoms 
about the iraraniagnetic ions will Ire the santc about all the ions, still the 
field axes {x y x' y' z') associated w'ith different ions will not all be oriented 
the same way, r.e., the x-axes of all the z-gronps, each associated with 
one ion, will not be paraded to one another nor all the y’s nor all the 2' 
axes, etc. Actually the principal axes associaterl with different iorts in the 
unit cell will be oriented relatively to one another in such a manner as to 
build u)) the symmetry of the unit cell from that of the individual units. 
Hence the observed anisotropy of the crystal as a whole n ill not represent 
the anisotropy of the individual ions in the unit cell, but wdll he an average 
effect of the different ions of the unit cell, oriented relatively to one another. 
Thus even in a cubic crystal when the number of paramagnetic ions in the 
unit cell is more than one the symmetry of the crystalline field need not 
be cubic at all, but may deviate considerably from cubic symmetry. 

Thus the probleiji Of explaining the observed magnetic properties pf 
the crystals in terms of the magnitude and the asymmetry of the field 
associated wdth each ions, and the orientation of the field axes of these 
ions relative to one another will become extremely complicated. It is, 
however, fortunate that the mean of the three principal susceptibilitieii 
as we .mentioned, is determined to a first approximation by the cubic .pjfrt 
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of tjie field alone, so that one may obtain from the observed mean suscep- 
tibilities of the crystal a general estimate of the cubic part of the field and 
from the anisotropy of the crystal the rhombic part. 

In this communication the results of magnetic measurements on some 
single crystals of Ce""" ion from room tetnperature down to liciuid air 
temperature are discussed in the light of crystalline field theory as discussed 
above. 

EXPERIMENTAL 

Specimens of cerium salts ill the investigation were of high purity and 
were made available through the kindness of Professor Trombe of Paris 
University. Crystals were grown out of aqueous solutions. 

Magnetic measurements were carried out in two jiarls (i) Room 
temperature measurements and (2) Low temperature measurements. 

Room temperaruie mcasuiements which involve : (i) the determination 
of the direction of the jirincipal magnetic axes, (2) the measurement of the 
difference between the principal susceptibilities and (3) the determination 
of the absolute susceptibility along any one convenient direction in the 
crystal, were carried by the method of Krishnan and Banerji (1935). 

Low temjierature determinations on magnetic anisotropies and the 
principal susceptibilities were carried by a cryostatic device and a quartz 
micro-balance designed and u.sed by Bose (1947). With the help of the 
cryostat the temperature inside the experimental tube could be maintained 
steady at any desired value between room tem])erature and the temperature 
of the li(]uid air ; the same procedure as adopted by Krishnan, Mookherji 

and Bose (1938) "'as used to determine magnetic anisotropy at low tempera- 
tures. Microbalance gave the vertical force on the crystal at any desired 
temperature, which is a measure of absolute susceptibility in the direction 
of the field. Room temperature value being known, tlie following expression 
gives the susceptibility at any temperature 1 . 

1+ (i-/) (2) 

where, X, and F( are the susceptibility and the vertical fpree at any x and 
F are the susceptibility and the vertical temperature @ force at room tempera- 
ture 0, y is the coefficient of cubic expansion /==@/r; volume susceptibil- 
ity of air at room, temperature 0,. fe = volume susceptibility of the crystal at 
room temperature 0. 

For details the reader is referred to Bose’s paper (1948). 

RESUL1'»S 

The results of measurements are collected in Tables I to IV. The nature 
of the variation of the magnetic anisotropy and of the square bf the principal 
moments witfi temperature are shown in figures i to 4. 
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represents the grammolecular susceptibility along the a3?is of 
symmetry of tetragonal crystals and Xj. that along directions normal to it. 
For monoclinic crystals Xa represents the grammolecular susceptibility along 
' h ' axis while greater of the two in the (oio) plane by Xi and the Smaller by 
Xj ; ^ i.s the angle which the crystallographic ‘ c ' axis makes with Xi'axis. 

Effective magnetic moments of the crystal, are calculated by the expres- 
sions gi=2.84\/x'( r, where X'^ are the susceptibilities corrected for dia- 
magnetism for both cation and anion and i = i, 2, 3 or 1 and II . The 
diamagnetism for the Ce ‘ ^ * ion was taken to be - 28 x io-‘ (Van Vleck, 
1932). Diamagnetic corrections for the different groups as given below were 
taken from Stoner’s book, Magnetism and Matter (1934). 

S0.,-=-33-6 H20=-I3, NH,,= -2a.i 

N(V = -i4-2 Mg-^"==-io. 

The unit adopted for the x< is of o.g.s electromagnetic unit. 

Taiii,e I 


Magnetic Anisotropies at 3o"C- 


Crystal 

Crystallo- 
graphic (lata 

Mode of 
suspension 

Orientation 
in the mag- 
netic field. 

Ax 

Magnetic 
anisotropy , 

1 * 


I Mouoclinic 
prism 

[ 

‘ h ’ axis 
vertical 

'/'= + 77'’-3 

190 

( 

Ce(NHi) (SOi^HaO 

a : 6 : c - 


‘ b ^ axis nor- 
mal to field 

* c ’ axis nor- 
mal to field 




0.360 :i :2.oo4 
10 - 97 " 15' 

' c ’ axis 
vertical 

(100) plane 
horizontal 

107 

67 

1 Xi-X 3 = I 55 

Cal )(/= +78.3 

Ce 2 Mg 3 (N 03 )ia 34 n 20 

Trigonal 

Trig, axis 
horizontal 

Trig, axis nor- 
mal to field 

640 

XJ.-Xii“640 


Tabee II 

Absolute susceptibilities at 30®C 


Crystal 

Direction 
along which 
\susceptibility 
w& measured 

Density of the 
crystal 

Volume sus- 
ceptibility 

Corresponding 
giix, moL sus^ 
cept'ibjlity 

Ce(NH<) (S 04 ) 4 H 20 

Along xi— axis 

3.535 

12.0 

2,oao 

CejMg3(N03)K34H20 

Normal^to Trig, 
axis 

a.oto 

S.iio 

3i88o ]; 

' ' , 
'i" 1 ' 
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Taw, 5 III 

Temperature variation of magnetic anisotropy. 




Suspension used for measurement 



Crystal 

Temp. 

•K 

* b ’ axis vertical 

‘ c ’ axis vertical 

X1-X3 


' 


X][^X2 

Xisin*<()+X 2 COS*if’-X 3 




300 

193 

JO8 

1T7 

+77.3 


380 

aog 

112 

133 

..76-6 


260 

332 

in 

127 

,, 26.0 


240 

364 

119 

136 

.. 7 S .4 


230 

313 

13^ 

IS 3 

.. 74 S 

Ce(NH,) (S04 )j4Hj(0 

300 


Kn 

183 

rr 73-4 


j8o 

434 

177 

235 

>1 70.6 


j66 

509 

203 

237 

67.6 


140 

890 

232 

349 

6j.8 


130 

099 

265 

415 

63.4 


100 

807 

301 

474 

1,624 


85 

882 

344 

533 

„ 62.4 


Trigonal axis honVontal 


Xi-Xii 



0^ 

0 

0 

658 



0 

00 

764 



360 

887 



240 

1,040 



220 

1,230 



200 

1,460 


CejMgi(N03)ij34Hj0 

j 8 o 

1,76c. 



1 

160 

2,160 1 



140 

2,780 



120 

3,560 



lOQ 

4.940 


■ *: 

85 

5,8J0 
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Tabi,b IV 

Temperature Variation of Principal Susceptibilities and Effective Homeuts. 


Crystal aud direction along 
which measurement 
was taken. 

Temp 

•K 

x'l 

X'2 




B 




300 

2,200 

2,010 

2,080 

2,100 

5*320 

4.857 

5*037 

5,070 


380 

2,270 

2,060 

2,350 

2,160 

5.130 

4,657 

4,853 

4,880 


260 

2,390 

2,160 

2,260 

2 . 27 '-> 

5,006 

4,5^9 

4,740 

4.789 


240 

2,320 

2,260 

2.390 

2,390 

4.849 

4,369 

4,616 

4,611 


220 

2,460 

^,330 

2,490 

1 2, .190 

4.687 

4,132 

4,417 

4,412 

Ce(NHd(S04)34n20 

200 

2,790 

2,430 

2,610 


4 506 

3,911 

4,211 

\4.20y 

Along ‘ a ’ axis 

• } 80 

2,980 

*,550 

2,750 

2,761) 

4.326 

3.69s 

3.998 

M,oo6 


i6u 

3,310 

2,710 

2,930 

2,950 

, 4,142 

3,485 

3,784 



140 

3.480 

2,880 

3,130 

3,160 

3,926 

3,251 

3.534 

3,570 


1 20 

3,740 

3,040 

3.320 

3,370 

3,6j6 

2,939 

3*2X4 

3,256 


100 

4,02U 

3,220 

3.550 

3,660 

3,244 

2,593 

2,863 

2, goo 


85 1 

4,270 

3.380 

3,730 

3,790 

2,924 

2,319 

2,559 

2,601 



x'± 

X'li 

X 


1 

1 


’ 


300 

4.510 

3,850 

4.29''' 

5.454 

4,657 

5,168 




.?8o 

4,720 

3,900 

4 ,800 

5.328 

4.468 

5,041 




260 

4,940 

3.060 

4,650 

5,184 

1.253 

4,873 




240 

5,240 

4,200 

4,890 

5,069 

3,925 

4.688 




220 

=,520 

4>3oo 

5,^10 

4,897 

3,816 

4,537 



' CejMg3(N03)i224Hj0 











200 

5,820 

4,360 

5,340 

4,693 

3,512 

4,245 



Along xi*axis 











180 

6,210 

4,450 

5,620 

4.508 

3,230 

4,082 




160 

6,610 

4,450 

5,890 

4,266 

2,872 

3»8oi 




J40 

7*150 

4,370 

6,220 

4, oaf 

2,467 

3.507 




JOO 

8,710 

3,770 

7,100 

3.514 

1,522 

2,850 


. 'j 


85 

9,330. 

3,520 

7,390 

3,200 

1,212 

2,537 




D I S C U S S I O. N vS 

The ground state of Ce"' ion is a doublet F-state, ^F'e/a- The imine- 
diately higher level namely, is separated from the ground level 10' 

about 2510 cm'* and hence at all ordinary temperatures its influence on, tlie 
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Fig. I 

CeNIf4(L04)2 4 H 2 O 



80 100 200 ^00 

T’K— > 

Fig. 2 

(.'cNH 4(S04)2 ijHzO 



Fro. 3 

CeMgstNOjlu' S4H20 
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T'K-> 

Fig. 4 

Ce2Mg3(NC3),, 24lhO 


magnetic behaviour will be negligible. In a cubic field, the ’‘F&ji level will 
split up into a quartet level below and a doublet level above. With the 
superimposition of a rhombic field the lower quartet will separate out 
into the doublets, the splitting being as given below (Fig. 5) ; the two-fold 
degeneracy retained by each of tlie three levels is of the spin Kraiiiers type, 
since Ce'^*'*' ion has an odd number of electrons namely 4/^ and even in stropife 
and highly asymmetric fields the separation of the components of each of 
these doublets will be very small. 



Free ion Cubic , j *- Rhombic 


Fig. s 

The general case where the principal axes of the rhombic part of the 
field may have any orientation with respect to the cubic axes will be compli* 
cated. But taking the axes as coincident, and further assuming the field 
as a whole has trigonal symmetry, Kramer? (1932) has calculated both the: 
splitting of the levels and the princiiial susceptibilities. The mean grant 
molecular susceptibility according to Ktamera (1932) is given by v 
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eyf + e->'f + e->'b 


^6}(f+b) 8f 




P) 


3f/-a)° 

8 /® 


Xf.-v/+J_il[L-l3a_+ o 

/3(f-bT " 


. (2/ + 30)® 
" ia'f ' 


■•• (3) 


where v = i/fet and a, b and f are constants determined by the constants 
of the electric field. In terms of these constants the three split energy levels 
(each with Kramers two-fold degeneracy) taking the lowest as zero will be 
given by 




-fl f 

b ’ ab 


(4) 


Using (3), the tliree constants a, b, and / can be evaluated from tlie known 
susceptibility at any three temperatures. It is found that in both 
Ce(SOi)2NH44HaO and CcaMgsCNOalia 24H2() a satisfactory lit is obtained 
with the following values for the constants : — 

/ = 76.3 cm“‘, 6 = -38 and «= — 16.B. 

as will be seen from the following table which gives the values calculated 
from these constants and the observed values for comparison with them 


Table V 


Temperature *’K 

/u^ calculated 

CeNH 4 (S 04 ) 24 Hj !0 

! 

observed 

CejMgatNOaljj 

300 

5'‘^4 

.5.07 

5.19 

200 

4.45 


■1.25 

100 

3.00 

2.90 

2.54 


2.72 

; 2 60 

3.54 


The corresponding values of the energy levels will be o, 153, 696 cm~* 
respectively; 696 cm”* being the overall separation. No data are available 
for the absorption spectra or for the specific heats of either of these two salts 
by which to verify the separations of the levels predicted above from magnetic' 
data, but it will be seen from the following considerations that they are of 
proper magnitude. 

Both cerium fluoride (Gorter and de Hass 1930) and cerium chloride 
(dorter and de Hass 1931) have been studied for their mean susceptibilities 

6— 17I2P— 5 
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at very low temperature and the mean square of the effective moments in 
these salts are Kiven in the following Tables VI and Vll 


Tahle VT 

Cerium chloride 


T'-K 

! 386. s 

249 5 

169.5 

1 

77-53 

2(>.42 

J 4 - 3 .S 



5.83 1 


5.16 

4-35 

4.26 


Table VII 



Cerium fluoride 




T"K j 

293 1 13.S-2 

77^5 

] 20.4 

\ . 

! 

1 

1 

1 



l^rom nu RSurements | 

I 

5-17 i 4-33 

! 

3 . (So 

2.. 16 

I 2.32 

From Faraday rotation 

5-20 ! 

' 1 

3-58 

2.40 



On comparing these values with the values of the two cerium salts, 
Ce(NIT.,l '.-sOj);. aHuO and Ce-[Mg3(M( ).■,), 2 241120 studied by us it will be 
seen that the temperature variation in CeF^ and CeCl,, is not (prite so rapid 
as our salts iiointing to a feebler crystalline field in these Iralides. The 
values of (i, b and / bg- these two halides calculated from their magnetic 
susceptibilities using (3) and the separations of the levels predicted from 
them according to (4) are entered in Table VIIT. 


Table VIII 


vSalt 

From magnetic data 

1 Energy levels in cm 


a 

b 

/ 

* 1 

From magnetic data 

From absorption spectra 

Celfg 

CcCb 

I -37-2 
-48 I 

I “‘4075 
-18 

81.5 

0, 163, 489 

0, 151, 264 

0, 355 i 275 


The absorption spectra of cerium chloride has been studied by Freed, 
(jc)3i). The energy levels deduced from these absorption measurmnents are 
also included in Table VIII. 


Since the calculated and observed energy levels agree for the chloride, 
there is littie dopht that with the much sharper fall of the mean susceptibiliti- 
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es with the fall of temperatiuc ami the con espondiug larger fields predicted 
for CcNHi' 304)2 4HaO aud Ce3Mga(N03) 123411 ^ 0 ), the separation of the energy 
levels in the latter salts must be larger. 

There is one other salt of cerium, namely, cerium ethyl sulpliate for 
wliich Jiieasurements at very low temperatures are availa 1 )le (Faraday and 
and Weirsina, 1935) see Table IX, 1 he crystal is hexagonal ; and /V 
in the table refer to directions along the hexagonal axis and per[)endicuiar to 
tliis axis respectively. 


TAm.!S IX 


Cerium Kthyl Sulphate 


Temp. *K 




1 


-!o.4s 

1 

1 

6.8 


2 31 


14, t8 

! 

7.3 


4.27 

3.61 


The mean scpiare moment remains high, aud that along the hexagonal 
axis aeUialiy rises with the fall of temperature, being even higher than the 
value for the free ion. This bLdiaviour of cerium ethyl sulphate contrasts 
sharply with tlic behaviour of CeNH.i’'S04>24H20 and Ce2Mg3(N03)j224H20 
studied by us, in which not only the mean square of the moment, but llie 
individual principal iiiomenls also, fall rapidly with fall of temperature. 

From these observations one may conclude what follows. 

(1) That the cubic part of the field in CelSOPiNHd 4H2O and in 
Cc3Mga(N()y),2 24M2O sails is much stronger than in CealCyllsSOiio 

2) Hither Ui) the rhombic part of the field in CcNH4fS()4)2 /\}IgO and 
in Ce2Hg3(N03)i2 24lIaO is much feebler than in Ce2(CaHBS04)6 iSHaO ; or 
ibi the relative orientation of atomic groups associated with the difterent 
cerium ions in the unit cell of CeNH^dSOa)? CeaMg3(NC)3)i2 24H2O 

are such as to average out the anisotropies of the groups and make the 
resultant anisotropy much smaller, whereas in cerium elhyl sulphate the 
averaging is not so much marked. 

The latter alternative, i,c\, (h) receives support from X-ray studies by 
Ketolaar (.1937) on the structure of cerium ethyl sulphate, which show that 
there are two cerium ions in the unit cell, and considering the atomic groups 
associated respectively with the two cercium ions, the two groups are 
oriented nearly parallel to one anothei, t-e,^ the x, y, z axes of one of them 
coincide respectively with the x, y, z axes of the other. Since magnetic 
data for cerium ethyl sulpliate are available at two temperatures only it is 
not possible to calculate all the llu'ee constants a, b and /. But a lOugh 
estimate of the overall splitting from the magnetic data gives 315 cm ’ which 
is not very different from the value 365 cm'^^ as deduced from the absorption 
data (Freed, 1931). 
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It is significant that in the cerium salts that we have studied, which are 
both highly hydrated and in which the cerium ions are presumably surround- 
ed by an octahedron of water molecules with their negatively charged oxygen 
atoms pointing towards the central Ce*^* ion, the crystal field so produced 
is not only predominantly cubic but is much stronger than in CeClj or CeF* 
where the neighbours of the paramagnetic ion are negatively charged halogen 
atoms. 

In general, where the environments in tlie neighbourhood of the paramag- 
netic ion are similar, the cubic fields estimated from the magnetic data are 
of the same magnitude as has been found in the salts, CeNHifSO^la 4HaO 
and CenMgaiNO:)),:. 2411^0, 

It is observed that the of CcNH^iSOJa 4H2O (see Tablellll) 

crystal rotates by about 15 degrees as the temperatures is lowered from 39o°K 
to 8s “K. 
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SOME NEW FEATURES OF THE GREEN AND U. V. BANDS 
OF Na, AND THE BLUE BANDS OF K, AND OF 
THE CONTINUA ACCOMPANYING 
THESE BANDS^ 

13y S. P, SINK A 
Plates VIIA, B, C and D 
{Kecciveii for publication, January S, ig4g) 

ABSTRACT. Description of the behaviour of the green, the \3b0o— X3200 A bands 
and the ^.3050-^2860 X bands of Na^ and the ^455o -^150 X bands of Kj and also of the 
continuous ab.sorption spectra accompanying these liands, under varying conditions of 
temperature and pressure, i.s given. An altempi has been made to explain the features 
observed according to Fra nek -Condon principle, on the assumption that increase of 
temperature or pressure favour, s the formation of (juasi-nioleculcs, whose potential energy 
curves arc the same as those of the stable Naj or Kj molecules in their normal state. 

INTRODUCTION 

Loomis and Nile (1928) have reported the occurrence of an infra-red edge 
at A8150X and an orange edge at X5500.S. to the red band system of Na-.. 
The region at wavelengths just shorter than X5500I is comparatively trans- 
parent. At still shorter wavelengths, the green system shows iip strongly 
so that there is a narrow transparent region which sometimes looks like an 
emission band- Taking account of the potential energy curves of the 
ground state and the excited ’5,,' state, they have explained these 
features almost quantitatively in terms of Franck-Condon principle. The 
potential energy curve drawn by them for the ground state was, however, 
not quite accurate, as the value of heat of dissociation used by them was 
■1.08 volts, the colrect value due to Loomis and Nusbaum ,(1932) being 0.76 
.volt only. But even using the latter value of D in drawing the ground 
state potential energy curve nearly the same values of limiting edges are 
obtained and hence their explanation remains valid. ' - 

Features similar to those for the red bands described above have also been 
observed for the green and the ultra-violet bauds of Nua and fot the blue 
bands of K», by studying the absorption spectra of the vapours of sodium 
and potassium at comparatively high temperatures and pressures. The 
purpose of the present paper is to describe the features of these bands and 

* This work forms part of the thesis approved for Ph.D. degree of the, London 
University. 
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the coiitiuua associated with them and to attempt a possible explanation for 
the same- 

R X P E K I ]\I K N T A L 

The experimental arrangement used is the same as has been described 
before (Sinha, 1948). The alkali-metals, i.c., sodium or potassium, were kept 
at the centre of a steel tube provided with water cooled quartz windows, 
The tube could be heated electrically and after pumping out all air from the 
tube, nitrogen gas could be introduced to maintaiu desired pressures inside 
it. Using light from a hydrogen continuum the absorplioii spectra of sodium 
and potassium were photographed on a Hilger intermediate ciuarlz spectro- 
graph at temperatures lying between about 600 and noo "C and total 
pressures (of the metal vapour and nitrogen as indicated by a manonkter 
connected to the system) varying from a few mm. to 760 mm. of mercury. \ 

D E S C R I P T I (.) N OR T H E S V R C 1' R A \ 

\ 

We shall describe the features of (a) the green bands (()J the A36oo-A320oX^ 
bands and (r) the A3050 A2850X. bands, of Nao, ind (d) the A4i5o-A455o^ 

bands of Ka- The siicctra for sodium and potassium are given in Plates 
VlIA, B, C and VII D respectively. 

(a) The Green Na^ Bands ^ 

Over the range of temperature and pressure employed in the present 
investigation the structure of the green bands can hardly be seen. What 
appears is a patch of continuous absorption broadening on both sides with 
iucrea.se in temperature and pressure and ultimately merging into the 
absorption continuum as.sociated with the red bauds on the long wavelength 
side and having almost a very definite edge at about A4450 X on the short 
w^avelength side. The details are given in Table 1. 

(6) The A3600-A3200X Naj Bauds 

At about soo“C, when the total pressure in the tube is low, the ab.sorp- 
tiou line at A3303X is fairly sharp and no bands are seen about it. Increase 
of pressure by introducing more of nitrogen merely broadens the line. When 
the temperature is raised to about 6oo'C, bauds begin to develop on both 
sides of the line, though more markedly on the longer wavelength side, ' and 
become . more and .more prominent, when the temperature or the tots^l 
pressure is increased up to a certain value, liffect of increase of total pressure 
at constant temperature appears more marked than the effect of increase 
of temperature at a constant value of the total pressure. With further 
increase of temperature or pressure, however, the structure of the bands 
begins to disappear and instead the regibn seems to be continuously absorbed. 
The continuous absorption begins from about the same position as that of 
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TABl.lt I 

(keen bands of Na^ 


Temp, in “C 


Pressure in cm. 
of mercury 


Region of absorption 
U in X) 


600 


700 


850 


A 

12 

40 

6 

12 

40 

8 


4650 -'5 ion 
4600-5150 
4600-5450 
46 0-5300 
4600-5309 
45^0-5450 

4550 -merges into the red 
bands. 

460Q-5350 


At higher pressure or temperature the long wajvelengtb edge merges with the red bands 
and t!je short w'aveleugth edge remains at about A4500 X. 


Tabi.k II 


X36oo“A320oA Na2 bands 


Temp, in "C 

Pressure in crn. 
of mercury 

Region of total 
absorptimi 

Region over which 
the Laud head,s are 
seen (A in A) 

6 c)D 

4 




12 


33 '’o-- 338 o (faint) 


40 

... 

3300-3450 f faint) 

700 

h 


3260-3485 


T 2 

... 

3240-3520 


40 

3250 -3370 

3220-3250, and 




3370-3525 


76 

324^^-3435 

3200-3240, and 




5435 - 35^0 

850 

8 


3250-3500 


26 

1 3280-3325 

3240-3280, and 




33^5-3350 


40 

325 '>’" 3420 

3200 — 3250, and 




3420-3560 

1000 

8 

3160 — 3560 



16 

3 i 6 c >- 3 . s 6 o 



40 

3160-3580 




76 

315^’ “'3^20 



1100 The entire region at pressures greater than about 10 cm is completely absorbed. 
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Tabiu III 


A3050-A3860I Na2 hands 


Teniii. in "C 

Pressure in cm. 
of mercury 

% of OenerAl absorption 
(visual estimate) 

700 

76 

very small 

850 

8 

very small 


26 

very small 


40 

30 

1000 

8 

60 


16 

70 i 


.10 

80 \ 


76 

100 \ 

1100 

8 

9 ^ 


At higher pressures the entire region is completely absorbed. 

Tawle IV 


A4550-A4150A Ka bands 


Temp, in 

Pressure in cm. 
of mercurv 

l«'xtent of the 
Spectrum 

% albsorbed 
(visual estimated) 

600 

10 

422 S“ 435 <-> 

5 n 


40 

4 2 25 -,142s 

70 


76 

4225-4425 

80 

700 

4 

4200 — /j 500 

xoo 


10 

4175-4600 

ion 


40 

4175— 4600 

100 


76 

4 60 — 4000 

100 

8 JO 

10 ' 

I 4175-4600 

1 * 

100 

1 

1 

' 4175-46^5 

100 


50 

i * - 4<’^5 

10 ) 

xooo 

■1 

4200-4500.0 , 

j 

lOo 


10 

4175-4600 

100 


40 

• *-4620 

1 

10(.) 

* (Asterisk) denotes that the bands and the continuum merge into the broadened 
principal scries line at X4045X on the short wavelength side, 
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l^e ^3303^ liae and broadons with increase in temperature and pressure 
„and ultimately terminates in what look like dehnite edges at about X36S0S. 
on the long: wavelength side and about A.3150A pn the short wavelength 
side. The details are given in Table II. 

(c) ^ 30 So- 285 oX Nsa Bands 

Bands in this region appear only at temperatures of about 7oo*C or 
above. The continuous absorption appears superposed over the bands, unlike 
case (b) where the continuous absorption began with a narrow patch and 
gradually broadened on both the sides. At yoo^C, as the pressure is in- 
creased the band heads over the region A3000A to Aa86oX become more 
and more prominent but along with them the continuous absorption in the 
above region also becomes stronger. As the temperature or pressure is 
increased the percentage of continuous absorption goes on increasing and 
ultimately the entire region from about A2830S. to about A3030-S. is com- 
pletely absorbed, leaving only a narrow transparent gap between A3050.S. and 
A3150A which is similar to the one mentioned by Loomis and Nile for the 
green region. At about 1100 °C, when the pressure is raised higher than 
10 cm. even this transparent region near A3100S. disappears. The details 
are given in Table III. 

(d) A4550-A4150S bands of Ka 

At the dispersion employed to photograph the spectra (Plate VlID) the 
bands are too close to be seen separately and the spectrum in the blue region 
looks like one due to continuous absorption. At low temjDerature and pressure, 
the extent of the spectrum and also the amount of light absorbed are small. 
On increasing these more light is absorbed and extent of the spectrum also 
increases till finally the entire region between about A45505. and A4150S. is 
completely absorbed. The details are given in Table IV. 

DISCUSSION 

Two facts emerge from the description of the spectra in different regions 
of sodium and potassium given above.' Firstly the bands are limited by sharp 
edges oh both the long and short wavelength sides, and secondly superposed 
over the bands are continuous -absorptions which also have sharp limiting edges 
on both the sides. Studies of some of these bands with a high dispersion 
instrument confirms that the continuous absorption is genuine and distinct from 
the bands with structure (Sinha, 1948 and 1948a, 1948I)). The first fact can 
be explained on the Franck-Condon principle, by drawing vertical transitions 
between the two states responsible for the bands. If the lengths of the vertical 
transitions drawn between points lying over the stable regions of the potential 
energy curves of the two states pass through a maximum and ,a minimum the 
bands will possess sharp edges on both the sides. 

; To explain the presence of a continuum superposed over the bands, let ns 
consider the various cafises that can give rise to such a couttaunm. A ntolecular 
, y— s . .V ' 
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xontinuum can arise in one of the following ways: (a) Ionisation continuum 
corresponding to transitions of electrons from Bohr’s hyperbolic orbits, (b) 
Dissociation continuum joining on to a series of converging bands, (c) A 
continuum which is due to transitions between two states one, at least, of which 
is repulsive and id) A continuum due to transitions between two states which 
are themselves stable but the molecules in these states are in the quasi-molecular 
states. The continua observed in the present case are obviously not of the 
type (a) or (h). They may possibly be of the type (c) involving transitions 
between the lower and the higher or states, all of which arp 

repulsive. General considerations, (Kuhm, 1932) however, indicate that 
transitions of the type (c) would merely result in the broadening of the lines 
and would not give such extensive continua as have been observed (work in 
this connection is in progress). Further the fact that they are found exactly in 
the same region as the bands with structure suggests that they may be asewbed 
to type id) rather than to type (c). We shall, therefore, discuss type (dlWd 
calculate, in such cases where the potential energy curves can be drawn f^om 
experimental data, the edges of the spectra. 

L,et us consider the condition of sodium vapour in the chamber. It is 
.mostly in the atomic state. When the temperature is increased the number of 
sodium atoms in the chamber also increases. In the absence of any foreign 
gas, i.c. when the pressure in the cooler parts of the tube is low, the metal 
vapour diffuses to cooler regions and condenses. Increase of total pressure by 
introducing', more of nitrogen gas serves to check rapid diffusion of the metal 
vapour and thus the concentration of sodium vapour in the chamber is main- 
tained at a fairly high level. Under this condition we have, in the chamber free 
sodium atoms, a certain percentage of sodium in molecular stale in different 
vibrational levels according to Boltzmann’s distribution law and an appreciable 
fraction of the metal vapour in the form of soditun atoms which are not free, 
but whose energy is modified due to collisions with similar atoms. Such atoms 
in tlie state of collisions form what are usually termed as quasi-molecules. The 
number of quasi-molecules increases quadratically with pressure since the 
number of atoms in the state of collision increases quadratically with pressure. 

Suppose two unexcited sodium atoms gradually approach each other. 
Their energy will lie along the curve EKOBC (Fig. i) which represents the 
potential energy curve lor the ground state of Na 2 . Bet us first consider the 
case of central collisions. The slowly moving atoms, for such collisions, can 
cross the point 0 and reach as far as B. From this point they may eifher retrace 
their path and each may ultimately pass out of the sphere of influence of the 
other or they may losa some of their energy by collision with a third body and 
settle down to one of the vibrational levels inside the depth of the potential 
energy curve giving rise to the formation of a stable molecule or they may 
absorb a quantum of radiation and pass to an upper potential energy curve 
obeying Franck-Condon principle. Although, for central collisions, theses 
processes have the chance pf maximum occurence at the turning point, they 
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may occoi anywhere on the curve. The last possibility, i.c. the quasi-molecu- 
les may absorb radiation al any point along the curve and pass over to an 



Fig. I 

excited stale, will result in a continuous absorption spectrum. The maximum 
of the continuum on this account will correspond to the length of the vertical 
transition from B and its range will correspond to the region covered by the 
lengths of the vertical transitions from all points lying on the lower curve. As 
the temperature is raised, the turning point will shift towards C and the range 
and the maximum of the continuum will be adjusted accordingly. 

However, more important than the central collisions are the non-central 
ones for quasi-roolecular considerations. During these collisions the atoms 
never approach each other as close as 0 and at no point in their path is the 
kinetic energy zero. The turning point is no longer favoured as in the previous 
case and a vertical transition from each point on the portion of the curve to the 
right of 0 is equally probable. This will give a continuous spectrum in 
absorption whose maximum and minimum of wavelengths will be given by the 
longest and the shortest lengths of the vertical lines drawn between the two 
curves. 

The range of the continuous spectrum and its behaviour with change in 
temperature and pressure can thus be worked out if the potential energy curves 
for both the states involved are completely known. Unfortunately, however, 
our knowledge of these curves is somewhat complete only in two cases, i.e. the 
green bands and the \s6oo-H20ol bauds of Na,. The curves given in Fig. i 
refer to the ground and the excited state of the latter . system. The data 
employed in drawing the excited state curve have been taken from the works 
described earlier (Sinha, 1948a, i948h). It can be seen by drawing vertical 
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transitions between the two curves that, for tfie noB-centrai collisions, with 
increase in temperature or pressure, the atomic Jine will broaden towards ongw 
wavelength and ultimably will cover the whole region Mween A^daoA and 
A33oo^^ . Considerations of central collisions , indicate that the continuum lyi^ 
extend to further short wavelength, roughly to about A3100A. The entire 
continuum will thus lie between A3620X and A3iooi. A reference to the 
spectrogram or to the description given in the previous section shows that the 
agreement between the calculated and the observed features is as good as can Iw 
expected of such a compulation. 

The other contiiiua discussed above could be quantitatively explained in 
the same way as the one in the preceding paragraphs, if enough was 
known about the potential energy curves involved with them. Therfc is, 
however, some difficulty in giving a satisfactory explanation for the ^een 
continuum of sodium in the above manner. If the non-cenlral collisions are 
more effective in giving continuous absorption, as we expect them to be, ^he 
comparatively transparent region about, A5500A should not exist so prothinenl|ly 
even in the early stages of temperature and pressure and the continuous absorp- 
tion should really join on to the atomic line at A5893I. This, however, 
happens when the temperature and pressure are sufficiently raised, i.c. when' 
the conditions for quasi^nolecular formation are more suitable. The short 
wavelength edge of the green continuum can, however, be easily explained in 
the same, way as the edges of the ultra-violet continuum. 
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THE NEAR ULTRAVIOEET SPECTRA OF BENZENE, PART II 
A COMPARATIVE STUDY OF THE ABSORPTION. 
EMISSION AND FLUORESCENCE BANDS 

By R. K. ASUNDI and M. R. PABHYK 

( Received for publicallon, Nov. 5, ig.fS ) . . 

ABSTRACT. A compirative itiidy is made of the ultraviolet benzene bands recorded 
in absorption, emission and fluorescence, as regard.s the di.stribution o( inten.sity and tbe 
development of vibrational levels. It is found that the intensity distribution in the emission 
.spectrum is .substantially ditterent from that in the ab.sorption spectrum at room temperature 
and appears to be governed bv the Tloltzmann factor in the e.vcited state and the Fratif k' 
Condon principle. The intensitj' di.stribntion also differs from that of fluorescence bands 
in which the distribution is generally governed by the conditions of excitation. The 
emission .spectrum gives data for a mote complete picture of the state of the molecule and 
the .selection rules governing the transition to which all th - three .spectra are due. 

The region of the near ultraviolet absorption spectrum of benzene is 
between 2765A and 22i8& and the corresponding emission spectrum lies, in. 
the region 2536.S. to 3180I. Hence there is a considerable stretch of region 
which is coiiiiiioii to both the spectra.* The first bands of the E series lie 
outside this 'region whereas the first bands of the series A, B, C, D, G, H, 
a and /3 lie in this region. Among them C",,, and with their associated 
160 quanta and C®# and G®# are common to both spectra. In- 

D system i)"o, B®,, DS are common with the associated 160 progressions aS 
also a®„ and B",, [cf. Table I). 

The most prominent bands involving vibration which are absent in 
the emission spectrum are A”^ (« = 0, i, 2 • . .)• These bands are very strong 
in absorption, yl“o being the strongest. Similarly in C"u series, C®u is present 
and is very weak in emission but the higher members are absent. In the 
series the members higher than and in G"o scries members other than 
G*u and also the members of the E series lying in this region are absent in 
emission although they are present in absorption. The band corresponding 
to the excitation of 117S c*g vibration ' is found in absoiption but not in 
emission. The bands corresponding to i - 1 ttansitiou of 849 vibration which 
are prominent in absorption in this region are not present in emission. The 
bands which are present in emission but ate not observed in absorption are 

* The analysis of emission bands is given in Part I. The results of analysis of absorption 
bauds proposed hy Spotter cf afand Radle and Heck, extended by Gai forth and Ingold 
with which our own analysis agrees are utilised in this part, 
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Table I 


Dcvelopnient of Different Band Systems in Various Near Ultraviolet 
Electronic Spectra of Benzene (Comparative Studyl 


Absorption 
(Radle and TJeck) 

Rmission 

(present investigations) 

l^liiorescciicc 
(In gold Wilson) 

Emission 
(Austin and Elack) 










Ao.t-A^..^ 

A^.2-AK.i 


AOi-A^i 


A».3-AKi 


AOt-A^t 


/l»-4-.1»-4 

/ 

A\-A\ 




A% 



\ 



% 

. \ 




\ 

A^ii-A^t-i 




A\.i-A\-i 








A%.2- 




AS.i-\h... 



» 







































W»2-3-fl*2-S 


tOfl-Co 

(\ 

c<’o-c:«o 


a>i-c*i co.i-c’-j 

C«.1-C2-1 


r»-i 

C Oj-CSj CO-i 

C«.2-C3.j 

c^3-r«.j 

CO., 2 

C\-C\ 

C-3-C*-3 

C«-3-CC3 

L’O.j-CO-a 


« 0-4 -C*. 4 

c’fl-4~rt.4 



C’l-i-f’i 1 







Oj.v-C*a-i 
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Table I iconid.) 


A.bsorption 
(Radle atid Reck) 

Emission 

(present investigations) 

Eliiorcscence 
(Ingold Wilson) 

Emisoion 
(Austin and Black) 

D%-D\ 

D\-D\ 

»“o-JD^o 


D\~D\ DKi 

D0-1-D3.1 

W«.i-DS.i 

D0y-I)\ n".,-/)!., 


I>»2 

D».2 

D’j 

D 03 ~D\ 

DO-3-DK3 


7)».j-PL3 

D% 

1)0 i-D^. 4 



D\-i 

e\-e\ 

E\-E\ 

EO-i 

£Vi-K'2-i 





“®o ” ®®o 

a®o— aS(| 



<*®2 a^*,. 1 




a^2 — 

a® 2"®®- 2 

oD,j — o^.j 









“®a-i 




“"*-2 


i 

' 

/9«0 

|8%-/35o 

)3»0-3*0 


J8«i-J33j 





/9«-3-fl3-2 

/3»-3-B<.2 







0\i-&K4 


fiO„4-$K4 
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Tabi.K I (conld.) 


Absorption 
(Radltf find Berk) 


C-Oo-^-^o 

(A-G-'j 

6'®,_2 ■ $".0 

I 

H\-H\ 

/I'jO 
B'ci® 

iJ'a" 

Co' 

r.o 

jr,« 


1 \~)\ 

A-i\ 



Kmi.ssion 

(present investigatiem) 

jsV.-flV. 

6«o 


/17-yiV 

.4'., 2 

o'2®-oV 

3'o''-j8V 

♦ 

/sOo-K^o 

K\-K\ /vO.,-KO,, 


fluorescence 
(Ingold Wilson) 



Hniission 
(Austin and Black) 



K%~K\ 

K 0 .,-KK, 


KK 2 -KK 2 
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Tabi.k I (conid.) i 

Absorption Emission Ennorescciicc Emission 

(Radle and beck)! (present investigation^) (liigold Wilson) (Au-^tin and lHacU) 

(530-671 tv ) 

520 + 3 X 513 -606-2 X671 

.. M “i -923 

1045 + 2x513 (2)‘^' -1178 + 2x513, 

3047 + 2 X 513 1045-2X671 

(icoi — 1010 bMi ) 

+ 520 — 2 X 1010 

‘ 606 + 2 X 1 00 1 

— 1596 — 2 X lolO 

- 1596+2 Xioov (2)* 

- 117S + 2 X if»or 

-3047 — 2 X KOO 

(774-983 ) 

520-2X985 

520 + 2 X 774 (^)’‘ 

>1 923 

-1596 + 2X774 

1476 + 2 X 774 

.• ,, 923 

-1596 + 2X 774 

,, 923 

1045 + 2 X 774 (2)* 

M M 923 

-3047+2x774 

(364-70362.7) 

— 606 + 2 X 364 —606 — 2X703 

+ 520+2x364, 

-i59b+2X 364 +520-2x703 

1476+2 X 364 1596*^2X703 

-1178 + 2 X 364 
+ 1045-703+364 (2)* 

+ 3047+2 >^364 

^ These denoted the mimber pf hands in the i6o progression. 
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Tabi.k I (conld). 


Absorption 
(Kadle ainl Ikck) 


lUni^sioii 

(present invcstigatioji) 


P'luore, sconce 
(Ingold Wilson) 


-849+586 (2)* 

“•2x586 

-2x586+923 (3)* 
-2X586'i'2 XCJ23 
-606+2X586 
+ 520 + 2X586 

.. +923 

„ „ +2x923 


(f-x648 (>2u) 

4 520-2 X 1648 
-606-2 X 1648 
1045-2X1648 

6 ‘ 2 ii) 

— 606-2 X iijo 

-1596-2 X 11 10 

-3047-2 X ilio 

( ?- 1326 a % j ) 

+520-2X1326 

-606 "-2 X 1326 

(uun-totally vsynini 
degenerate vibiutions) 

-849+586 


U + 2 X 240 0-2X404 
o — 2 X308Q 


-2X849 (5)" 

-2x849-992 
-849+586 
- 606-264 
,, -992 


0 + 2 X 240 


X^niisaion 
(Austin and black) 


0 2x404 corresponding to AF = 2 of the t',/ frequency, the a'o + 2 x 240 
and ^"0 + 2x240 bands and the 160 progression of the and jS^o series 
(c/. Table I). 

This shows that thii intensity distribution in the two spectra is not the 
same. This can be clearly seen from the study of the relative intensities of 
the prominent bauds of different series which are common to both the spectra. 
The relevant data are given in Table II. The intensities marked are only 


These denote I he number of bands in the 160 progression, 
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useful for the study of the relative intensilies of different baud groups and 
of the relative intensity distribution amongst the bands in th^ group. The 
intensities in the present experiments have been visually estimated and the 
values given are, therefore, very rough. The inlcnsities marked by Radle 
and Beck seem to be more reliable since their method of estimation is more 
accurate. 
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The intensities (1) given for baiuks in absSorption spectrum are from Radle and Iteck, 
(1940) , They have given intensity 7500 to the strongest band Aq®. 

The intensities (1) given for bauds in emission spectrum ate those observed in the 
present experiments (Asimdi and Padhve, 1949) the iritei siti'cs being relative to the the 
strongest band being 10. 

Making due allowance for these facts certain conclusions can be tlraWil 
from this Table. Thus, 

(1) In absorption and C\) bands are stronger than lV\t and IT’,, whereas 
in einis.sion and iy\ are definitely more intense than /I'^u ttnd C",,. 

(2) and decrease in intensity in absorption whereas they increase 
in intensity in emission. The positive members of these scries do not lie in 
the spectral region of the emission spectrum. 

(3) Taking either or / 3 ^o as B'L] (since it is due to Fermi degeneracy 

between 1596 and 6064*992 = 1598, it is seen that and 

decrease in intensity more rapidly in absorption than in emission. 

(4) B^i and D^i have greater intensity than and 7 ?% in absorption 
but are slightly weaker than TFo and in emission. 

(5) For and the intensity falls both in alxsorption and emission 
compared to and 

(6) The band involving 1596 (either cx‘*o or is relatively stronger 
in emission than in absorption. 

The bands B\, and I3\ lie to tlie long wave-length limit 

of the absorption spectrum and bands and 6 the short 
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wavelength limit of the emission spectrum. This cannot be a siifficierit 
argument for the weakness of the bands in the corresponding spectrk 
more so in the emission spectrum because the bauds and which 

are still to the shorter weavelength side than ^ 4 % and C'*,, bands come oiit 
with appreciable density. 

In the A series the 520 frequency in the upper state is excited and 
transition takes place between this and the zero level of the ground state. 
In C’ series the fundamental transition is 606 (ground) — 2x520 (excited), ni 
B, 6o5 — 0 and in D, 2 x6o6 — 520. It is found that transition involving high 
frequencies of excited state and of low ground state are stronger in absorption 
than in emission {vide Table II). This is to be expected on the basis of the 
Boltzmann factor. Similarly transitions involving frequencies of low excited 
states and high ground state are strongci in emission than absorption. Tllis 
fact seems to agree well with Sponer’s ^1939) hypothesis that in flourescence 
(hence also in emission) the 1-0 and 0-1 transitions of the vibration should 
occur with inverted intensities corresponding to the Boltzmann distiibution 
in the upper state. The relative intensities of the groups on this basis should 
decrea.se in the following order B, a, (d, D, A, C. This is also generally borne 
out by the data. An interesting observation is that D which involves two 
quanta of 606 in the ground state is stronger than A which involves no 
ground state frequency, although both contain one quantum of 520 in the 
excited state. This illustrates the operation of the Franck-Condou principle 
in addition to the Boltzmann equilibrium in the excited state. This inversion 
of intensity may be even perhaps due partly to self-absorption although in the 
present experiments such a po.ssibility is rather remote. 

With the superposition of the 992 frequency in the ground state, the 
intensity of all the four A, B, C, and IT series decreases in absorption But 
in emission the intensity increases in A and C series for the first quantum of 
993 and decreases for the second quantum ; while it decreases uniformly for 
B and IT the decrease is not so rapid as in absorption. The superposition of 
the 923 quantum in the upper state raises the intensity of the D'‘u, B^o and 
t'u" bands in absorption for the first quantum after which it falls. In emision 
it falls uniformly. This seems to agree with another observation by Sponer 
ct, al. (1939) that in absorption the .second member of the 923 progression is 
the strongest while in emission it should be the second member of the 992 
progression which should be by far the most outstanding in intensity. The 
agreement is not strictly complete since the inten.sities of B 2 , and 7 ) 2 , are 
slightly less than of and Do” in emission. In absorption, however, the 
agreement is uniformly satisfactory. 

I urning to fluorescence spectrum in relation to emission spectrum, we 
find that the region of both the spectra is the same.* The flourscence 

* The date of Iiigold ei al are used to aii.ilyse these hands along the liue,s adopted for 
absorption and emission. The general trend ot analysis is indicated by Sponer ct al, a detailed 
analysis agrees with that of Garforth and Ingold. 
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spectrum gives a large number of bands belouging to 'A series while the 
emission spectrum does not. On the other hand, the D series is more .promi- 
neut in emission than in fluorscence. The emission spectrum also shovVS 
two intense parallel systems of bauds due to Fermi resonance extending to 
high quanta of vibrations in the ground state whereas in fluorescence they 
arc limited to two quanta. Similarly the 3062 aig (the value of which has 
been found to be 3054 in present experiments) which is expected to be present 
in fluorescence is not unambiguously found. In the case of emission all the 
bands belonging to ( ’ ) series are due to the excitation of this frequency in 
the ground state. In emission a number of non-totally symmetrical degene- 
rate and nondegenerate frequencies are excited. Such is not the case in 
fluorescence.* 

The intensity distribution in the fluorescence spectrum is rather irregular. 
This has been already pointed otrt by Sponer ei ai and they say “The 
explanation of the relative intensities of the different band groups in the 
fluorescence spectrum is somewhat complicated. This is due to the fact that 
the bauds are a result of mechanism of excitation, subsequent collision, and 
reabsorption. As we should expect series is the strongest in the 
spectrum- “ Furthermore, the scale of intensity adopted by Ingold and 
Wilson (1936) seems to be different from that of Wilson (1936) and since for 
a comijarison of intensities in the emission and fluorescence spectra it will 
be necessary to consider all the fluorescence bands, it is not possible or profit- 
able to discuss the relative intensity distribution in the two spectra. 
However, it appears that the course of intensity-decrease in fluorescence 
follows the order B, « |8, C, A, and D while in emission bands the order is 
B, a /S, /), .1 and C, a 13 being Fermi doublets practical of equally intensity 
and represent vibration mixtures. 

Thus experimentally it is found that the emission spectrum obtained 
and discussed in Pait I of this series (Asundi and Padhye, 1949) shows a great 
advantage over the high pressure fluorescence in the matter of excitation 
of the numerous ground level frequencies. It also gives a picture of 
inten-sity distribution since it is neither influenced by selection rules nor by 
self-ab.sorption to a very great exleixt. The latter can be eliminated by the 
pj-Qpgj' adjustment of the experimental conditions, 1 he electrical method of 
excitation develops also the weaher bands which aie not found in 
fluorescence and thus it gives a more complete picture of the state of the 
molecule and the selection rules governing such a transition. 

♦ It may be noted that even though the same dispersion and resolution was used ui 
both the ca.scs. the bauds in fluorescence naturally show a very open structure while in tbe 
present case they are far from being resolved. 


a— 1713P— 6 
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ON THE STRUCTURE OF THE RESONANCE LINE OF 
Hg FILTERED THROUGH Hg VAPOUR* 

By G. S. KASTHA 

(Received for publication, May 12, ig4g) 

Plate VIII 

ABSTRACT. The strnctare at the resonance line 2536.6 S of merenry filtered through 
a cell containing mercury vapour at different temperatures and pressures has been studied 
with an Adam Hilger large (Ei) cjuartz spectrograph. It has been observed that the 
mercury vapour in the absorption cell absorbs only the central portion of the resonance 
line, there being a feeble line transmitted 011 each side of the centre, The distance between 
these tw(' lines increases to about 18 em't when the temperature of the mercury in the 
ab.sorbmg cell is mised to ioo°C. The intensity of these two lines is much less than that 
of the line 2534. 8A° and is of the same order of magnitude as that of the Hrillonin 
C(jmponcnls observed by Krishnan in the case of diamond. It is pointed out that as the 
separation and the intensity of those Brillouin components are the same as those of the 
doublet in the resonance line filtered through mercury vapour it is doubtful whether the 
lines observed by Krishnan arc genuine Brillouin components in the light scattered by 
diamond. 


INTRODUCTION 

It has been pointed out recently by Krishnan (1947) that the line 2536.6 A 
of mercury scattered by diamond and afterwards filtered through mercury 
vajiour shows, when examined with either a medium or a high dispersion 
quartz spectrograph, a structure which consists of a doublet, the two com- 
ponents being separated from each other by about 12 cin~‘. Each of these 
components on more careful examination has been found to be composed of 
one intense inner component and another fainter outer component. This 
splitting of the scattered line has been explained by Krishnan on the 
hypothesis that Brillouin components are produced by sound waves of thermal 
origin moving in the crystal, the transverse and longitudinal waves giving 
rise to the inner and outer pair of the components respectively. He has 
calculated the relative intensities of the inner and outer components from 
the theory put forward by Leontowitsch and Mandelstam (1932) and has 
found that the observed values do not agree at all with those calculated from 
the theory. The theory pi'cdicts that the component due to the longitudinal 
waves should be more intense than that due to the transverse waVes, but 
actually the reverse is fouud to be true. 


* Communicated by Prof, S, C. Sirkar 
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There is another discrepancy also, which has not been explicitly pointed 
out by Krishnan. According to the theory mentioned above, the ratio of 
intensity of the component scattered by the transverse sound waves to that 
of the undisplaced component should be about 0.31 x io~\ The value of 
tliis ratio actually observed has not been calculated by him, but he has 
mentioned that the aggregate intensity of all the Doppler components is less 
than one fourth the intensity of the Raman line. From this the ratio of 
intensity of the component due to transverse waves to that of the Raman 
line can be taken as 1 ; 6. The Rayleigh line, however, is not more than 
1000 times as intense as the Raman line, because the 1332 cm ’ line excited 
by the Hg line ^046 A is more intense than the Hg line 4i<:|o A and the 
4046 .^ line "is not more than 10’ times as intense as the line 4140 A. 
Hence the ratio of the intensity of the Brillouin component due to Iransvepe 
waves in diamond at room temperature to that of the undisplaced component 
is of the order of io“‘ while theoretically it should be of the order lo"*. Frmn 
these facts it ajjpeared that the problem de-served more careful reinvestigation 
and the present investigation was undertaken with that object in view. \ 

T<; X I* K R I M It N T A 

In the preliminary inve.stigation a small diamond transparent to Ilg 
line 2536 6 A was used for photographing its Raman spectrum excited by 
the resonance line with an Adam Hilger medium quartz spectrograph. A 
cell containing a few drops of mercury and provided with quartz windows 
was placed i- the path of the scattered light to absorb the resonaiTce line of 
mercuiy- A quartz lens was used to focus this light on the slit of the 
spectrograph. There was also an arrangement for raising the temperature of 
the cell at will with an electric heater. The Hg line 2536.6 A scattered by 
the diamond and transmitted through mercury vapour w’as found to consist 
of a doublet, the two components being placed symmetrically on the two 
sides of the central core wdiich was comi)letely absorbed by - the mercury 
vapour in the cell. Since the prO])ortion of stray light was very great in 
the light focussed on the slit of the spectiograph and yet the central core 
of the line 2536.6 A w’as absorbed by the vapour it was suspected that even 
the incident resonance line of mercury when filtered through mercury vapour 
might be split up into two components. In order to investigate this question 
the direct light from a quartz mercury arc with its cathode end immersed in 
running w'ater was passed through the cell containing mercury vapour and 
the spectrum of the transmitted light was photographed with the quartz 
spectrograph mentioned above and also with a large Adam Hilger E, quartz 
spectrograph. * 

Several photograjihs of the spectrum w'ere taken keeping the mercury 
vapour in the cell at different temperatures. The heating coil of the cell 
was wound so as to produce no magnetic lines of force and in order to ensure 
thait the results obtained were not being affected by the residual magnetic 
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field produced Ijy the heating coil, another identical cell healed with a Bunsen 
burner was used and the resonance line transmitted by this cell was photo- 
graphed. It was observed that the results obtained with the cell heated 
either electrically or with a burner were identical. 

R K S U I. T 8 A N T3 I) T 8 C U vS 8 I O N 

The spectrograms obtained with absorbing mercury vapour at different 
temperatures are reproduced in Plate VIIL Fi'g . i shows the spectrum of the 
light from the mercury arc not filtered through any mercury vapour. Figs. 2, 
3, 4 and 5 show the spectrograms with the absorbing vapour at 25‘'C, 55®C, 
75*^0 and Joo”C respectively. Fig. 4 al.so shows the spectrogram with the 
absorbing vapour healed by a Bunsen burner to 75 Tn the case of the 
spectrogram reproduced in Fie, 6 the temperature of the absorbing vapour 
was about iio^'C. 

It can be seen from these spectrograms that only the core of the 2536 6^ 
line is absorbed by the vapour in the cell while regions on both sides 
of the core are transmitted. When the vapour is at al)out 30*^0 the width 
of the absorbed central core is only 5 cm”^ and the intensity of each of the 
two bands appearing on tlie two sides of the central core is almost the same 
as that of the line 2534. SX. As the temperature of the vapour is raised 
the intensity of the doublet goes on diminishing rapidly and at ioo®C the 
intensity becomes only about one third that of the line 2534. . It is 
also quite clear from the spectrograms in Plate 1 that the separation of the 
two components increases rapidly at higher temperatures. The values of 
the separation for diffcient tcmpetatiires are given in Table I. The widtli 
of each component of the doublet remains almost constant with the rise of 
temperature of the absorbing vapour. 


Ta]U.E I 


Temperature in degrees 
Kelvin. 

Separation of the 
doublet in cm"' 

Width of each 
component in enr^ 

298 

52 

AA 

3*8 

6.33 

4-5 

3«i|8 

II. iS 

4 

373 

186 

4.5 

383 

■ 243 

4 .S 


A careful examination of the spectrograms reveals that in the spectrogram 
due to the unfiltered light from the mercury arc the intensity at a distance 
of 8 cm’^ from the centre of the 2536.6 A® line is much too feeble to account 
foi\the appearance of the two components of the doublet at these positions 
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in llie spectrogram due to the light filtered through mercury vapour at about 
ioo'’C. This can be clearly seeu from figs, j and 5 in both of which the 
Hg line 2^34.8 A is almost of the same intensity, and although there is no 
blackening in P'ig. t at 8 cm"* from the centre of the line 2536.6 A, a 
doublet appears at this po.sition in P'ig. 5. 

A small percentage of light of changed w'avelengtlis is thus created while 
in the line 2536.6 A traverses the heated mercury vapour m the cell. It 
is also evident from Table I that the change in frequency increases very 
rapidly with the rise in temiierature. This fact suggests that the observed 
change in the frequency of the light is not due to Doppler effect on Rayleigh 
scattering, because the velocity of the Hg atoms increases only in the ratio 

V when the vapour at 27''C is heated to ioo"C, while the change (in 

300 - 

frequency increases four times. Further, the shift due to Doppler effdet 
would be only about o r cm"' , while the shift actually abserved is 9 cm~T. 
plence this effect is to be ascribed to some other property of the vapour. , 

In this connection it has to be pointed out that Lennuier (rc)47l obsorve4 
an effect which might be considered to be a reverse phenomenon of what 
is observed in the jnesent investigation. He studied the scattering of light 
of wavelength just in the neighbourhood of that of the resonance line of 
mercury by mererrry vapour at a pressure of 1.84 x io~‘*mm. It was ob.servcd 
by him that although the 2536.6 A line itself was not present in the incident 
light but light of slightly different wavelength was used as the incident light,, 
the li'dit scattered in the transverse direction corrtairied a large proportion 
of light of wavelength 2536 6 A. He ex])lained this phenomenon on a theory 
of scattering of light by the mercury atoms in the neighbourhood of resonance 
frequency. Dater, lycnnuier (1948) reported that the phenomenon is observed 
with the incident light of frequency vj, when vj is either greater than or 
less than vq, where is the resonance frequency. In his experiment i'| 
differed from I'o, by about i cm~’ only and the incident light of these fro- 
quencics was obtained by splitting the resonance line of mercury by applying 
a longitudinal magnetic field to the vai)our emitting the line. In the present 
investigation in the process of scattering in the forward direction the value 
of I’o is observed to be changed by about 9 cm~^. Hence although this 
process may be considered to be the reverse of that observed by Lennuier 
the magnitude of the change is much l-arger than that observed by him. 

This broadening of the resonance line of mercury during absorption 
by mercury vapour in presence of foreign gases was observed indirectly 
from results of measurement of absorption by mercury vapour of the resonance 
line long ago by previous workers. Wood (1922) show-ed that when the 
resonance radiation from mercury vapour is filtered through a cell containing 
cold mercury v'apour and the filtered light is allowed to illuminate mercury 
vapour in a second cell the intensity of the resonance radiation excited in 
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the latter cell is very small. If, however, helium is introduced as a foreign 
gas in the second cell the intensity of resonance mercury radiation increases 
enormously. This shows that ordinarily only the core of the resonance line 
can excite the resonance radiation in a second cell, but when foreign gas is 
introduced the excitation takes place even when the core has been absorbed 
in the incident light. Hvideiitly, the presence of molecules or atoms of 
foreign gas broadens the resonance level of the mercury atom. Orthmann 
(1935) calculated theoretically the broadening of the absorption of the 
resonance line by mercury atoms in presence of hydrogen atoms and came 
to the conclusion that at a pressure of 253 mm. hydrogen atoms can 
increase the half width of the resonance line in absorption from 
its original value i.oixio~*S. to about 8.oxio~“A. The broadening 
of the resonance line observed in the present investigation is many times 
larger and cannot be explained by Orthmann 's theory of collisional broadening. 
Although atmospheric nitrogen may have been present in the cell containing 
the mercury vapour which was used to absorlr the resonance line in the 
present investigation and part of the broadening of the absorption line may 
be due to colli.sional effect the magnitude of the Irroadening actually observed 
is much larger than that predicted by Orthmann ’s theory. On the other 
hand, Oldenberg (192S) observed by spectroscopic examination that when 
helium at a pressure of one atmosirhcre is mixed with mercury vapour at 
low pressure in a resonance lamp a band extending from 2519 ^ up to 
2570 ^ accompanies the 3536.6 A line. Nitrogen at low pressure may 
therefore similarly widen the resonance line hi the resonance tube to a 
.smaller extent. 

It ajiirears from the results of the present investigation that not only 
the width of the resonance line in absorption increases with the rise of the 
temperature and consequently with the increase in the number of collision.s, 
but fluorescence radiations of waveiengtlis differing only slightly from those 
of the edges of the aljsorption band are also emitted by the mercury atoms. 
The difference between the wavelengths of these radiations and that of the 
centre of the resonance radiation also increases with the temperatue of the 
vapour. In this connection it may not be irrelevant to point out that in 
the spectrograms published by Wood (1935) in figs. 5(6) and 5(0), Plate 
XXV, the resonance line 2536.6 A seems to be unusually broad. He has 
mentioned that water vapour and nitrogen were present in the resonance 
tube in the former case and helium was present in the latter case and these 
foreign gases gave rise to some extra bands. The widening of the resonance 
line was not mentioned by him explicitly although the broadening extends 
up to a few Angstrom units. It is clear, however, from a comparison of 
the spectrograms reproduced by Wood and those obtained in the present 
investigation that the width of the resonance line in emission is always 
greater than that of the line in absorption. The feeble resonance radiation 
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of changed wavelength is therefore not absorbed by the mercury vapour 
through which it has to come out. 

The intensity of the two components of the filtered resonance line 
observed in the present investigation is of the same order of magnitude as 
that of the Brillonin components observed by Krishnan {1947), as can be seen 
from a comparison of the intensity of these components with that of 
the line 2534.8 A.. The intensity of the two components is of the order 
of i/ioooth of the intensity of the line 2536.6 A itself, because it is a 
little less than that of the Raman line 1332 cm“* excited by the line 
2536-6 A. The separation of the two components is also of the same order of 
magnitude as that observed by Krishnan (1947)' These facts and also the 
fact that the width of the absorption line is always less than that of .the 
emission line lead to the conclusion that the doublet ob.served by Krishnan 
may not be Brillouin components, but they may due the broadening of the 
resonance line in the absorbing mercury vapour as discussed in this paper. | 
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ON THE RAMAN SPECTRA OF CS^ AT DIFFERENT 

TEMPERATURES* 

By N. C. MAJUMDAR 

[Received for publiiation April 20, 1979) 

Plates IXA and IXB 

ABSTRACT. The Raman spectra of CvS2 at different temperatures in the liquid and 
solid states have been in\ cstigated. It has been observed that the prominent Raman 
lines shift a little with the lowering of temperature of the substance. Inirther, the wing 
which is observed to accompany the Rayleigh line at room temperature is iiiiich weakened 
at lower temperatures and develops into a weak broad band at -^15 cm”^ at “loo^C. In 
the case of the solid stale this band is split up into two strong lines at 59 and 70 cm^* at 
'-i25“C, which sh ft to Cg and 80 enr^ respectively at -*-i83“C. It is concluded that these 
re.sults indinte the possibility of formation of dimers in the solid state, because the inten- 
.sjiios of thCsSe lines do not diminish appreciably when the temperature of the solid is 
lowered, 


I N T K O T) U C T 1 O N 

The Raman spectrum of carbon disulphide in the solid state at low 
temperature was first studied by Sirkar (1Q36) and it was observed that two 
new^ Raman lines appear in the solid state in the neighbourhood of the 
Rayleigh line- It is not known, however, whether the frequencies of these 
lines change with the temperature of the solid and whether the lines appear 
only after the liquid is solidified- Such information would be helpful in 
understanding not only the origin of these new lines but also the nature of 
the intermolccular field in the liquid and solid states. In the present investi- 
gation, therefore, the Raman spectra of carbon disulphide in the liquid state 
at a temperature just above its melting point and in the solid slate at different 
temperatures have been studied. 

E X P B R T M E N T A Iv 

The arrangement for photographing the Raman spectrum of the substance 
at different temperatures is the same as that used in an earlier investigation 
by the author (Majumdar, 1949). The liquid distilled in vacuum was put in 
a pyrex container wdiich was kept inside a transparent Dew'ar vessel and the 
level of liquid oxygen, introduced into the Dewar vessel by partial evacuation 
of the space inside it, was so adjusted that the temperature of the liquid, as 
measured with a pentane thermometer in contact with the outer suiface of 

^ Communicated by Prof. S. C. vSirkat. 
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the pyrex container, came down to about -“-too^C, the rneltiiio' point of the 
substance being - 111 *^. 60 . The Raman spectrum of the liquid at this 
temperature was photographed with a Fiiess glass spectrograph. The level 
of liquid oxygen in the transparent Dewar vessel was next raised so that the 
temperature of eSa in the container came down to about and the 

substance was solidified. Keeping the solid at this temperature, its Raman 
spectrum was photographed as before. The container was finally kept 
immersed in Ikiuid oxygen and the Raman spectrum of the solid at about 
— was pholograi)hcd. The Raman spectrum of the substance in the 

liquid stale at room lempcralure was also photographed for comparison. 

R K S r Iv 'I' S AND D I S C' V 8 vS I O N 

TJie speclrograiiivS obtained for the substance at diffeient temjjeratijires 
are reproduced in Plate IXA. Fig. i and iMg- 2 show’ lespeclively the Raman 
spectra of the li(iuid at about 20°C and — loo'^C. The spcctrogram.s duetto 
the solid at -i^s'^Caiid —183 Care reproduced in P'igs. 3 and 4 rcspl^^c- 
tively. The .spectra rei)rodiiced in Figs, i and 2 show a remarkable change 
in the nature of the wing accompanying the Rayleigh line with the lowering 
of the lemperatiiie of the licjuid. At the room temperature the wing is very 
intense near the edge of the Rayleigh line and the intensity falls off rapidly 
in regioiLs further and further away from the centre of the Rayleigh line. 
At on the other hand, the intensity near the edge of the Rayleigh 

line seems to be much smaller than that in the case of the liquid at and 

there seeint to be a broad band wdlh its centre at about 45 cm'"' on* both sides 
of the Rayleigh line. This is further evident from the microphotometrie 
record reproduced in Plate IXB. The prominent Rayleigh lines at the room 
temperature are found io be broader than those at “■ too'' C although theii 
actual intensity, wiilionl llie wang, is smaller at room temperature, as is evi- 
dent from an examination of the relative intensities of the line 41(^8 A in the 
tw'o spectrograms. The intensity of the line 4077 A seems to be larger at 
20'' C, because the wing is sui)eiposed on it. This widening of the line is due 
to the pre.sencc of the wing with its maximum starting from a j)oinl near 
the centre of the Ray leigh line and not due to any widening of the slit-w'idtln 
as can be seen from a comparison of the width of the line 4108 A in the 
two spectrograms. This line is too weak to excite the wing and its wadth 
is observed to be the same at the two temperatures. "JPhe micropholojiietric 
trace of the line 4046 A scattered by the liquid at loo'^C, however, extends 
up to about Jio cm“^ from the centre of the line, showing that tliere is a 
feeble wnng at the outer regions. 

It is thus evident ft'oin these two spectrograms that the total intensity 
of the wing diminishes with the lowering of the temperature of the liquid 
and the jmrtion of the wing wdiich persists at the low temperature tends to 
appear as a Inoad baud detached from the Rayleigh line- The major portion 
of the wing observed at the room temperature is due to the rotation of the 
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molecules and not due lo lattice oscillations in crystalline groups which may 
persist in the liquid, as shown previously by Sirkar and Mookerjee (1936) 
and also by Sirkar and Gupta (1938) and other workers. Since the intensity 
of the wing' diminishes considerably at the low temperature in the present 
case, the rotation of single molecule ceases even in the liquid state at about 
The remaining portion of the wing at the low temperature may 
be due to the rotation of a small percentage of the molecules'or it may he 
due to the rotational oscillation of the molecule which has 1)ecn poslnlaled by 
Kastlcr and Rousset (i9>-1t) to explain the origin of the new lines in the 
neighbourhood of the Rayleigh line observed in the case of benzene and 
other aromatic compounds. 

If this latter theory be correct, it is expected that the am])litude of 
oscillation will diminish at still lower teinix-rature and the intensity of this 
portion of the wing will consequently diminish. It is seen, however, from 
Figs. 2, 3 and 4 that the broad band at 45 cm’^ observed in the case of the 
liquid at - loo'X' is changed into two sharp lines at 59 and 70 cm"^ in the 
case of tlic solid at and these shift to 69 and 80 cm*"^ respectively 

when tlic solid is further cooled down to -i83^C, there being no diminution 
in the intensity, (hi the contrary, the intensity of these two lines compared 
tu that of the line 655 cni”^ seems to be larger at - than that at 

*- 1 25 ’C. Also, the lines become sharper at the lower temperature. 

According to the theory put forward l>y KavStler and Rousset (1941) in 
the case of C'S;. molecule only one line would be expected to be produced 
by the rotational oscillation aliout an axis perpendicular to Ihe axis of the 
molecule. Actually, however, there are two lines in the low-frequency region, 
one being about five times more intense than the other. This does not 
suggest the splitting up ol any degeneracy l)y the non-homogeneity of the 
iutennolecular field in the lattice. Thus the facts observed in the case of 
CvS2 in the solid stale do not sui)port the view that the new- lines observed in 
the case of the solid are due to rotational oscillations of the single molecule 
in the lattice. An alternative explanation is to be found, and in doing so 
thr- fact tliat these two lines become sharper at the low^er temperature is to 

be taken into consideration- 

The absolute intensity of the line 80 at about — 183'^ C is about 

double that of the line 655 ciii"”^ due to the symmetric oscillation of the 
single molecule. This shows that whatever be the nature of the oscillation 
which produces the former line, the change in polarisability taking place 
during the oscillation is larger than that occurring during the 
symmetric valence C-S oscillation of the molecule. In free rotation 
of the molecule, of course, such large changes in the polarisability are possible, 
because the wing observed in the liquid state is many times stronger than 
the line 655 cm"\ As mentioned already, how-cver, the increase in the 
intensity of the line 69 with the lowering of the temperature of the 

substance does not suggest that the line is due to any rotational oscillation. 
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The sharpness of the line further suggests that it is due to a vibration in 
which a definite bond is involved. In that case it has to be postulated, as 
pointed out earlier by Sirkar (1936). that probably at the low temperature in 
the solid state a virtual bond is formed bctweeu two neighbouring molecules 
of CSa- When there is the tendency of such dimer-formation even in the 
liquid state, the rotation of the single molecule cease.s, and this explains the 
diminution of intensity of the portion of the wing very close to the Rayleigh 
line in the case of the liquid at -ioo°C. Further, the appearance of the 
broad band in this region probably corroborates the view that the group 
which is formed with strong binding in the solid state is also formed loosely 
in the liquid state at a tempeiature a few degrees above its freezing point. 
As the new lines shift away from the Rayleigh line and become sharper with 
the lowering of the temperature of the substance, it is evident that /the 
strength of the virtual bond between the two molecules goes on increasing 
as the temperature is gradually lowered. Probably the width of these lines 
is due to angular motions of small amplitude of the constituent molecules! in 
the dimeric group and as this component of the motion ceases with the 
lowering of the temperature the lines become sharper. If this hypothesis be 
correct it is exjiected that with the lowering of the temperature the frequencies 
of the lines due to the vibration of the single molecule would also be altered 
slightly. The frequency-shifts of the Raman lines observed under different 
conditions are given in Table J. 


Tabi.k T 

Carbon disulphide 


Liquid at 20*^0 

Af in 

Liquid at 100 

Af in enr^ 

Solid at — 125®C 

Af iu cm"^ 

Solid at - j83*C 

Av in cm"* 


45 (2b) ± k 

59(io)e, ±i, ±k 

69(10)6, ±i, ±k 



70(2), e, +k 

80(3) e. tk 

648(2) e. i, k 

650(1), e,k 



655«i) e, i, k 

657 (6) e, i, k 

657 (6) e, i, k 

657(6) e, i, k 

796(2) e, k 

8oo(2b) c, k 

806 (2) e, k 

808(2) e, k 

809 (1) e, k 

... 


... 


It can be seen from Table I that the frequency-shifts of both the lines 
655 cm“’ and 796 cmr* increase with the lowering of the temperature of the 
substance. Further, while the frequency of the 648 cm~’ increases with 
the lowering of the temperature that of the other satelite 809 cm"’ diminishes, 
so that probably both these lines tend to merge into their strong neighbours at 
the lower temperature. These facts show that slight changes occur in the 
strength of the C-S bonds at lower temperatures and lend support to 
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the view expressed above that even in the case of such simple non-polar 
molecule as CSa dimers are probably formed in the solid state at low 
temperatures. The satelite 648 cm ‘ is observed to diminish in intensity 
when the liquid is cooled down to -loo'C and this fact confirms the 
explanation offered by Sirkar regarding the origin of this line. 
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FORTY ELECTRON SYSTEM OF MOLYBDENUM— Mo III 

By V. RA.MAKRISHNA RAC) 

{Received for publication, Vece.inber 

Plates XA and XB 

ABSTRACT. The lines speetrum of niolylidenuiii was photographed under different 
condiliou.s of excitation from to A)Q5o. Mnlliplets of Mo III due to tlic eoinhi nation 

ol 4dS 5,s ■*i'’ with 5/’ ^ilDFC] were identified from a scrutiny of the plates. j 

I NTRO DUCT rON \ 

Structural analy.sis of the spectra of molybdenum was started several 
years ago. A number of terms in the arc spectrum ol the element were 
identified by Catalan as early as IQ23 and by Meggers and Kiess in 19^6, 
allhougli the division into multiplets was imcei lain and the character of the 
terms w'as difficult to determine. The first spark spectrum of this element 
was also investigated to a certain extent by Meggers and Kiess (1926) who 
detected five sextet and (piartet groups involving transitions betwx'cn stales 
of low electron configurations. No intercoinbinations were reiiorted. Schauls 
aud Saw'j'er (1940) e.\tend('d the classification of Mol to include 36 more 
lines and established seven new levels and the resonance triplet ''.S'- "yMn 
Mo II. The identifications in Mo II were verified by Zeeman elTeCt data due 
to Wilhehny (1926]. The ordinary arc and spark between molybdenum 
electrodes were the source used in the above investigations ; Schauls and 
Sawyer photographed, in addition, the hollow cathode spectrum of the element. 

Of the higher spark spectra a few of the ground terms were identified in 
Mo IV by liliason (1953), in Mo V by Trawick (1935 and 1934) by the 
application of X-ray doublet laws to the respective iso-electronic sjjectra. 

The analy.sis of Mo III, the forty electron system of the element, in 
particular, remains completely unknown. There is no published account of 
even the wave-lengths of the lines attributable to this system. Molybdenum 
is known to emit even w'hcn excited by simple sources a complicated spectrum 
very rich in lines, whose origin electron transition is yet to be investigated. 
The purpose of this work is to study the spectrum and to determine the energy 
states of the atom chiefly corresponding to the first and second stages of 
ionisation. This paper reports the identification of a few of the fundamental 
multiplets it Mo III. 

p'or the excitation of the spectrum an ordinary condensed discharge 
between electrodes of the metal in air proved satisfactory. Spectral lines 
up to Mo 111 were all obtained but no line of Mo IV could be traced in it. 
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A twenty thousand volt tiansfonner fed by 220 A C., condensers of 4 ni. f. d. 
capacity and an auxiliary gap of 3 mm. in the secondary were used. The 
molybdenum metal was in the form of a rod, 3 mm. thick, of the H. S. brand 
spec-pure variety sui)pliefi by Adam Hilgcr and reported to be 99.05% pure. 
Other sources of excitation were the usual and heavy current arc and an 
uucondeused spark. The under-water spark was photographed for the 
]niri>ose of eliminating lines of Mo I and of Mo II. The globule are using pure 
molybdenum oxide in graphite rods served just for the idenlificatioii of lines 
of Mo I. The distinction and assignment of the lines of Mo III including 
the fainter lines could be easily carried out by a scrutiny of the spectra of the 
above-mentioned sources. It should be remarked that in the ordinary arc 
no lines of Mo III were observed, while they were strongly excited in the 
condensed spark. The reproductions of the spectra shown in jdates XA, B 
show this feature clearly. 

A large number of si)ectrographs were employed in the investigation 
which are of small as well as large dispersions. 'Fhey were (1) HilgCr con.stant 
deviation, and large glass Tittrow of high light gathering power ; (2) three 
tyr)er of Ililger quartz instruments (Ei, Medium and small) and a 10 foot 
concave grating spectrograph. The measurements were carried out ou the 
Eiltrow plates from ^3400 to A2160 and the medium quartz plate from A2600— 
Aiq 5(). For the longer weve-lengtlis the grating spectra were measured. 
In jjhotogra])hing the region below A2100 Ilford Q as well as Ilford special 
rapid plates sensitised by Cetico Hyvac pump oil were used ; it has been our 
experience that tlie oil sensitised plates generally gave better results. 

As a first step towards the elucidation of the structure, a close scrutiny of 
each line is made and its intensity variation is observed under arc, condensed 
spark and under-water spark conditions. In the last mentioned source many 
of the molybdenum J lines appeared as absorption lines, a few of Mo II aie 
self-reversed while lines attributable to Mo IJl are absent. This s])eclrum 
proved useful in the region above A2600. The arc and condensed spark 
spectra extended down to the limit of observation, the condensed spark alone 
containing lines of Mo HI- A list is drawn from A6800 to Ajq 5(). The 
complete list would be presented i]i a later communication, as it is hoped to 
extend the data further down to the vacuum grating region. As far as the 
author is aware no temperature classification of tlie spectrum is available 
in the case of molybdenum, which would have helped in coiifinning the 
assignments made. 

A N A Iv Y vS J S 

The complete configuration of electrons for atomic molybdenum is : 

2.v" 2/^” 5 ^ 

giving the deepest ‘S Verm j molybdenum 11 corresponds to a forty-one 
' electron system, the deepest term being 4d’ The doubly-ionised atom 
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has forty lectrons of which four form the outermost valence electrons. The 
deeper configurations and the more important of the predicted terms in Mo III 
are shown in Table. I. 


Tabi,e I 

4 d* 

6/) 

HPH 

4d^ 5 S 


Bp 3p 



i(DFG)" 


S(A'PD)* 

iiSPD)' 


Tabi.k II 


Multiplets of Mo 111 


dd 3 ( 4 F) 5 s 

‘F? 439-5 

0 

439 .S 

‘F3 774.2 
1049. J 

5F4 1043 5 
3823-3 

2866j.8 


41588,4 

733-1 

415877 (10) 

41147 sl.slhl 

40539 4(1) 



<h 

42321.5 

1090.1 


41881 5(10) 

41271.5(8) 

40498.2(0) 


Oi 

43411-6 

1300.4 



42362.1(15) 

41587.7(10) 



44712,0 

1714.1 




42888.1(15) 

0 

41845.6(4) 


4(5426 3 





43559 - 7 ( 20 ) 

6 Fj‘ 

44291-1 

8y 2 

44291.1(10') 






44380.3 
1092 2 

44380,3(8) 

43941.4(15) 




Fj 

45472 5 
282,9 


45033 6(4) 

4442219(10) 



P4 

45755-4 

1046.4 




43927-7(15) 


Fi 

45801.8 




44974 - 1 ( 3 ) 

43930 6 15) 

‘Do* 

44445 -« 

279.6 

44445 - 8 ( 6 ) 





D, 

44725-5 

1027-5 

44725 - 4 («I 

44286.8(10) 




Da 

45753 0 
1X36.2 

• 

45314-3(8) 

44705.8(6) 



Ds 

46889.2 

343,1 



45842.0(2) 

45067.1(8) 


F>i 

47231.3 




45409.2(2) 

44364.8(12) 





k-i 

(0 


Cl 


(0 


Tl 

Q) 


in 


(D 

TJ 

a 


o 

Q) 

D, 

w 

0 ) 

a 

a 

D 


Line spectrum of molybdenum. 
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The chief mutiiplets may be expected to be due to tlie trans^ition from 
4d’‘ 5/) to 4ci^ and 40!“ 5s, of which the latter having lesser energy difference 
are likely to occur in the quartz region. Table II gives the inultiplcts identified 
in the present work. They are the combinations 4d* 5s 'F with 4d* sp'' 
(DFG)° . 

In the absence of Zeeman effect and hyperfine structure data the 
identification was facilitated only by considerations such as the intrinsic 
nature, behaviour and the relative intensities of the Ihies themselves and by 
comparison with other similar spectra. In zirconium I and columbinm II 
which are identical in structuie with Mo III, the most characteristic and 
unmistakable line in the entire spectrum which might well have been taken 
to be the starting point of the analysis corresponds to the combination 4£i’(*F) 
5p’'G‘‘t,. Such a line in the spectrum of Mo III is found at 
A J2Q4; it could be no other than this combination. The irregular doublet law, 
predicting a linear progression of the frequency with the atomic number in 
an iso-clectronic sequence supports this assignment. Table III shows such 
progressions in Zr I, Cb II and Mo III and also in Ti 1 , V II and Cr 111 
which are of similar configurations. 

Table III 

The irregular doublel'Iaw 


vSpectruiii 


sFs-sFj* 


Ti 1 

30068 

22053 

23217 


( 12 * 53 ) 

(12136) 

(11151) 

V 11 

32321 

34189.6 

34368.3 


(12574) 

(13019) 

(12320) 

Cr 111 

44 « 95.4 

^7208 3 

46688.9 

I 

21326,0 

23646.5 

34495.6 


(10983.1) 

(10231,2) 

(9649.0) 

Cb ir 

32309.1 

33877-7 

34144.6 


(11250.6) 

< 10052.9) 

(10330.3) 

Mo III 

43559-7 

43930.6 

443648 


This extrapolation located the positions of '‘F. ■''‘Ft® and ''F^ — *D^ lines 
as well and led to their detection. 

An estimate of the intervals in the term 4d* S*’ *F.was obtained from the 
law of regular doublets. The variations of the screening constants in 
Ti 1 like and Zr I line spectra are given in Table IV for the interval 

4— i7i*P— 6 
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Taule IV 

The Regular doublet-law 



T1 1 

V rr 

Cr in 

Zr I 

Cb IT 

Mo TIT 

Ah' 

100,2 

194.6 

3190 

348.4 

603 a 

1043.5 

(A»')i 

3.16 

374 

4-23 

4.32 

4.96 

5.67 

S I 

15-2 

149 

14.9 

38.9 

38.3 

27.5 

A^S 

•3 

,0 

1 

.6 

.8 



Another method yielding fairly good estimates of these interval^ is 
provided by a study of the interval-factors as suggested by Goudsmit knd 
Humphreys (1928) and discussed by the author (194S), and tested in relaiion 
to a few complex spectra like those of Cb 1 and Cb II. It was obseryed 
to be of use i)articularly with regard to the ground state terms in the speclra 
of ionised atoms. The method consists in predicting the separation of 
levels arising from a if s configuration out of the data for terms of the d' 
configuration. In our case, Mo IV gives a 4 1/'' 'i'' term having the following 
separations : 

Fai ~F]i = 780 

F:i 5 — ~979 

F - F‘6jr — 1099-6 » 

Hence, the separation factor A is equal to 277, which is the mean value 
derived from the individual differences and from the total separation* This 
separation factor A, is related to the factor A' for the Mo III T-' levels 
by the equation ; 

A=4l?,A' 

from which A' is aproxiiriatcly 208. 

This predicts the following separations for the '‘F term of Mo HI, 10,10, 
83a, 624, and 416. They are shown in Table V along with the observed 
values taken from the multiplet Table II. A corresponding, calculation 
for Cr III intervals derived from those of Cr IV is also indicated for 
comparison . 

Considered in the light of the relations discussed above, the multiplets 
shown in Table II seemed to be the best among a number of alternatives. 
The choice of the first interval 1043 for 5.S' ''F,, - -'F^ was made after a large 
number of trials, the* criterion being that this difference ought to recur in 

Hour pairs representing combinations with sp ” ■■‘Fa" 'F^” and levels 

and involving fairly prominent lines in the spectrum in the appropriate 
-regions. One combination line with 5P ’'Ff is not found, still this level is 
chosen from a consideration of the diagonal lines of the ss "F-r-'-sp- !'P° 
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Tabi<e V 



Cr nr 

Mo HI 

Predicted 

1 

observed 

I Predicted 

observed 

l-’-Vi 

301 

319 

1040 

1043 


2^3 

263 

S32 

774 


S04 

200 

62 ‘ 

610 

F.i-}'\ 

136 

13O ! 

4r6 

44 X 


iimltiplet ; these stand out clearly and are believed to be very similar to the 
corresponding lines in the spectrum of Cr III. 

The second interval 5,v ''Fa = 774 is not quite in keeping with the 

predicted, value 832, if the Tande interval rule holds exactly ; here loo the 
selection was made from a consideration of the possible diagonal lines in the 
Si- ’’F-'S/’ group. The line 44705.8 which gives abnormally large 
interval is possibly a blend, the high intensity of the line justifies the 
assumption. The last intervals S-' ’'F^-’Fi equal to 441 also does not 
agree exactly with the calculated value 412. Two other alternative lines 
41434.0 and 41009.3 with 436.2 and 524-2 differences are rejected as less 
sati.sfactory since they did not give consistent combinations with the other 
levels sP and 'F". Tlie lines 44291.1 and 4444 8 are isolated combi- 
nations involving no intervals of the 5s 'F term ; they are suggested from 
the probable order of the terms sp “F'" and ‘F ; their identification is to be 
checked from other combinations. 

Regarding the terras of the 4ci'' 5P configuration it is seen that the sG" 
is the deepest, although there is considerable overlapping of the components 
of ’ti" ‘'F" ’’D" terms. Such an overlap is to be expected on account of the 
atomic number of molybdenum. A considerable deviation from the Tande 
interval rule is observed in the case of 5P terms with the probable exception 
of the deepest ^G" term. 

'I'he separation factors for the terms out of 4d" CF) 5P 

confi^^uration are related to the sei^aration factoi foi 4^ ( F) IV by the 

expression (Rao, 1948) 

All quintets S-rl =9/4 
The separation factor for '‘G'^ = 266 

■^F'* = i79 

Total 21-^4 == 724 

which gives the value of A' as 320. Further investigation of the spectrum 
is. in progress. 
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THALLIUM ISOTOPE EFFECT IN THE BAND 
spectrum of thallium BROMIDE 

Bv P. TlRtWKNGANNA RAO 

{liet civcd for l>ublicalion, Nov. i(>/ 5 ; 

Plale XI 

ABSTRACT. Hands of thallium bromide, cxeited by a H. F, discharge through the 
vapour, are photographed in the first order of a lo ft. concave grating. The isotope effect 
due to the thallium i.sotope 203 is established for the first time from measurements on the 
splitting observed in many of the band heaels between A4300— A4100. 

The absorption speclnnn of thallium bromide was first sUidicd by Butkow 
(1929) and by Butkow and Boizowa (1934)- They obtained a band system 
in the region A.3400 extending to A.3600 and reported the analysis of 14 
red-degraded bauds fitted into the following quantum formula 

v = 29I49.6+ (i03-8M^~6.05n^*) ~ (192. 2W “0.72^1“) 

The analysis was supported by measurements on. the bromine isotope effect. 
Latei, Howell and Coulsson (1941) investigated the spectrum using a quartz 
I^ittrow spectrograph, (Hilger, Pj) in emission and absorption and published 
a more complete analysis of a large number of bands betw'een ^3500 siud 
A 4500. The following equation was derived for the band heads 

V =.-29191. 5 + (108.32M' — 5.i5«'^-o.22u'’) - (i92.iou"“0-39tt"‘) 

Comparing the bromide with the other halides of thallium Howell and 
Coulsson interpreted the system as due to the transition 31 . A second 

band system was also reported by them at A 3950. It was observed only in 
emission. A fragmentary analysis, suggested for this system, indicated 
that the lower slate of this is the same as the upper state of the mam 
system. 

The vibrational analysis of the main system was extensively confirmed 
also by Howell and Coulsson from observations of the bromine isotope effect. 
Each band, apart from those situated near the origin, showed the doubling 
to be expected for the molecules TlBr*” and TlBr , The largest splitting 
measured was 59 cm."^ for the (6.41)* band. 

Thallium also has two isotopes of mass 203 and 205. Miescher (1939) 
reported a doubling in some TlCl bands, (but no data are given) and 

^ This was mentioned as the Coulsson. 
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aliribiileci it to the ivSotopcs of thallhmi. For thallium bromide, Howell 
and Coulsson estimated assuming the splitting factor ip — i) = .ooo7 the 
biggest isotope shift avS of the order of 45 cm. which, in view of the 
diffuseness of the heads, represents about the order of uncertainty in 
nieasLirement. Any possible resobition of the thallium isotopes was there- 
foj-e ruled out by them. 

Iti the course of a systematic investigation of the band spectra of the 
thallium halides, the author photographed the thallium bromide emission 
between A3800 and A43ao in the first order of a 10 ft. concave grating 
(divS])ersion 5,7 A i)er mni.), A new set of bands about 45 in number have 
been obtained l^etwcen A3980 and A3S00. It has also l)een found that bands 
ol the main system lying in the region around A4200 showed a definite 
doubling of the order of about 6 to 8 wavenumber uiiils. Tliis doubling 
appeared to be due to the thallium 203 isotope which was found unmeasui'aplc 
j)revioiisly by Howell and Couissoii. But the observed interval is distinclfly 
lai ger than the biggest T 1 isotope splitting as estimated by Howell and Coulson 
A recalculation of the mass factor and the expected isotope shift revealed a 
small error in Howell and CoulssoiFs csUmatc. The object of this paper 
is to establish the existence of isot()]>e done for the first time fiom 

a study and measurement of the bands. The analysis and inter] )retal ion 
of the new set of bands observed in addition to those found by Bulkow' and 
by Howell and Coubsson will be ]>revSenled in a subsequent communication. 
Incidenially the author noticed that the values of given in TalTle I column 
(5) of Howell and Coulsson's ])aper for all the bands from the (3,20) l)and 
u])wards are in error, due, pcrhai)S, to oversight ; the t' values must be 
increased by one; thus (4,20), (4,21) etc. instead of (3,20) (3,21) etc. 
respectively. 

K X P E K I M K N T A b 

The experimental set up is the same as that employed for the thallium 
iodide bands and dcscrilied elsewhere. 'I'hc excitation is by a H, F. 
oscillator with external electrodes. Intermittent heating was fotind necc.ssary 
for maintaining Ihe^ discharge steadily. Exposures from 2 to 4 hours on 
Ilford special rapid plates were found sufficient to photograph the spectium 
in the first order of a 10 ft. concave grating. The usual iron arc standards 
were employed for reducing the plates. 

Plate XI shows enlargements of the T 1 Br band spectra. Fig.tr is an 
overall picture of the \pectrum from A4350— A4000, Fig. 6 and Fig.c are 
portions of it to show the thallium isotope doubling in some of the bands 
ehiefly in the less refrangible end of the system. 

From examination of the spectra, it has been noticed that above A43O0 
the bands are faintly recorded and although doubling is observedj no 
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Table I 
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separation 

Mole- 

Classilication 

length 

length 

number 
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(11 & C) 

(A nthor) 


- 

■ 

T) nr 

i 

■*“ - 




obs. 



(Author) j 

1 

(H«iC) 


4101 34 

24375 4 



205,81 



4102.4 

02 66 

24568.2 

7.2 

6 4 

203.81 

( 4 .-i«) 

'. 3,281 


07.04 

24341.(1 



«t) 5,79 

4109.7 

08.07 

24 335 5 

6.1 

6.4 

205,79 




3117 

24199.4 



205.81 



4132. S 

32 49 

24191.7 

7-7 

6.6 

203,81 

'4,291 

'3 .29) 


40. Q() 

2.1142 2 



205,79 

4J4T.9 

4-2 

24133 8 

9 4 

6.6 

203,79 ' 




53 -.sS 

24369.0 



20^,81 



4154.8 

54 83 

2.1 06 1.6 

7.4 

6 8 

205,81 

' 5 , 30 ) 

(4.30) 


60.29 

24030 0 



20s . 79 



4162.3 

61.70 

24021.9 

S.i 

6.8 

■’■03.79 
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24 021. 9 



20S,8t , 


i 

416.’. 3 

63 05 

24(^14 X 

7 8 

6.8 

203,8. 

(4,301 

'3.30; 


70 43 

23971,(1 
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4171.4 

j 7T.9I 

23962.1 

85 

6.8 
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82 67 

23901.5 



205,81 



4185.0 

83.89 

23894.5 

70 

7.0 

203,81 

(5,31) 

(4.311 


89-34 

23863 4 



205,79 

4192.0 

. 90.71 

33855 6 

7.8 

7.0 
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93-83 

23843-5 

* 


.205,81 



4192. c» 

91-37 

23835-4 

8.1 

7,0 

205,81 

( 4 . 31 ' 

( 3 . 3 i» 


99 96 

23803.1 



205,79 

4 JOT. 4 

420.34 

23795 3 

7 8 

7.0 

203,79 




12.17 

23734 ■ I 



205,81 



4JI4.4 

13-36 

23727-4 

6.7 

7.2 

203,81 

' 5.321 

(4.33) 


22.31 

23077-1 



205,79 
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24.02 

23067 5 

9.6 
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38.54 
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8 0 
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'5.33) 
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74 

203,79 
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71 
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2t)3,Si 
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52 SO 
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4254.6 
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23501 4 

7.6 

7 4 
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6.1. oi 

23445-5 
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(5.34) 

42^ ‘4 .6 

65-35 
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23.390-9 


7^6 
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(4,34) 

4274.7 

75-37 

23.383-8 

7 -x 

203,81 

15 . 34 ) 

82.8:; 

23342.6 


7.6 

205.79 



4-283.6 

84.21 

23335-0 

7,6 

203,79 




lueasureineiits have been possible. Table 1 contains the details of nieasure- 
inejits on band heads lying between A 4300 -“A 4100, in which region the 
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isotope effect has been estal)liahed- The first column gives the H and C’s 
wave-length data, w^here the Br isotope doubling alone was recorded* Hach 
of these heads is observed here to be split into two components, the wave- 
lengths of these are given in the second column. The molecule and the 
vibrational assignments are shown in the last column. For convenience, 
H and C’s assignments are also shown. The isotope shifts calculated with 
respect to the molecule Br^‘ and given in the fourth column are 

obtained as below 


M'(M-M') 

mHm \ m') 


[M — ao5; 203 ; = J 


Substituting, 

(p-i) — .0014 

For the (51 34) band, 

— — (|,2_ j) -H ... = 7.6 units 

(adopting the H and C\v values lor the vibrational constants). \ 

The agreement between the calculated and observed values is as close as 
may be expected on account of the nature of the bands. 
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MAhaJAN’s maximum and minimum hygrometers 

By h- D. MAHAjAN 
{k<>(elv<*d for pumicatinn, l\iarcl) /6, 19 ^ 9 ) 

ASSTRACT. Two new types of hy;'ronicters for recording inaxiniuiu and aiintniuni 
liumidity is described in the present paper. They both work on the i)riuciple of Mahnjan s 
Optical hygrometer. 

introduction 

The problem of recording the maximum and minimum readings is not 
new. In all types of measurements it is necessary to know the maximum 
as well as the minimum readings. The common procedure has been to take 
readings at regular intervals of time and then to pick out the maximum 
and minimum values fioni the observations. 

Some inslrumeuis such as maximum and minimum thermometers, are pro- 
vided with an auiomatic arrangement for recording the maximum and minimum 
readings, thus avoiding the trouble of taking readings at regular intervals. 

But in the case of maximum and minimum relative humidity measure- 
ments, at jiresenl, the observations are to be taken at regular intervals which, 
is a lengthy process. 

Therefore introduction of a similar automatic device in any type of 
humidity meter is needed to eliminate the difficulties of taking frequent 
observations. 

Now it is found that the Mahajan's Humimeter (Mahajan, 1Q46) recently 
devised I )y the author is very suitable for this purpose. Two devices have 
been designed, and are given below : — 

CONS RUCTION Oh I) Iv VIC IC T 

It consists of four vertical rectangular supports A,B,C and D, each 
10 ciiis high, 5 niin. thick and 5 mm. broad (6gure x). They are fixed in a 
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line 5 cms apart from each other. Between the supports A and B, there 
is a revolving rod A" 7 v, between supiwts B and C the revolving rod MN and 
between sn]>ports C and D the revolving rod ST. The fine end of these 
revolving rods rest inside hollow grooves which are fitted with hard jewels. 
The rotation of the rod XR is controlled hy the hair si)ring H, tied to the 
screw L. At right angles to this revolving rod XR there is a balancing rod 
ah rigidly fixed to it. On its end a there is a pan 3 0111x3 cm x 0.5 cm, 
having a ])erforated bottom. l‘hc absorbing material as used in the Mahajan \s 
Optical Hygrometer (Mahajan, 1941) is filled into it. The other end b of this 
rod is elongated into a thin rod having a fine pointer T which moves on the 
scale S marked on the dial. • 

Betw'een the supports B and C\ the revolving rod MN sii]_iports the 
balancing rod ccL Its end d is elongated into a ptJiiiter K which repre^jents 
the nhniiniini reading of the humidity. The rod cd is just below the \rod 
67 . So ivhen the humidity of the air decreavSes, the pan a goes up, and 
the end h goes down. Therefore the rod hi also goes down. It j)ushes the 0nd 
d down, and lienee the arm dk also goes down. When the humidity of air 
increases, tlic i)an a on al)Sorl.)ing more moisture from air goes down, Ihe 
end 6 moves uj), and the rod 67 also goes up. It does not disturh the lower 
rod cd. The pointer K remains unaflcctcd. The end r is tliick and heavy 
aiul so balances the longer arm dk. 

Between llie lullars ( and 7 ), the revolving rod ST sup])orts the 
l)alanciiig lod cf. Its end c is thick and heavy. Its otlier end /js elongated 
into n ]>oinler I\ which represents the maximum j)ercentage humidity of 
surrounding air. Tlie pointer P stands on the u[)i)er side of the central 
l)ointer 7. llie rod is slightly above the arm 67 . When the humidity 
increases, the material absoibes more moisture, and goes down. The rod 
end 6 and the arm hi move up. The arm 67 i>Lishes the end j of the rod 
cf and the arm fP upward. Hence the pointer P representing the maximum 
lininidily, is pushed ui». When the humidity of the surrounding air decreases 
the central pointer 7 goes dowui, but leaves the iioinlcr P unaffected- It 
has no tendency to come back. If the humidity increases again and 
exceeds llie previous limit, the central pointer pushes the ])ointcr P still 
higher and on decrease of humidity conies back without disturbing the 
l)ositioii of pointer 

Ihe resetting ol the pointer P and K for observations of next 24 hours, 
is done wutli the help of hvo cogged wheels W, and W.. The wdicel IT, 
has a knob Q which c'ontrols its clockAvisc or anliclockwuse movements. 
t)n rotation of w hcel^ II j, tlie other wheel rotates in ojii)osile direction* 

J here arc two levers L}n and T.x. One end of each lever rests on the 
toothed W'lieel tind the other end touches the corresponding balancing rod. 
Thus l)y revolving the knob Q the pointers P and K are reset for next; 
observations. 
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This -whole apparatus is enclosed inside a wooden case of tlimensions 
15 x10x10 cm. (Fig. 2). Jn order to have a free circulation of air inside 


iS-cm. 



Fig. 2 

Maliajan’s iiiaxiniuni aud luiniuiuin hygrometer. Type I (covcr.s) 


tlie instrument, its toi» is jierforated with small holes and the sides are 
ventilated like the Stevenson screen. 

The scale S is calibrated in percentage humidity with the help of a 
standard wet and dry bulb hygrometer. 

C O N S T R TT C T I O N OF DRV-ICK IT 

In the siit of the Mahajan’s llumhneter, two riders of the shape given 
in Fig. 3(7, are inserted. One is above the iiointer I (Fig. 3b) and the other 



Fig. 3 

Mahajaii’s uiaximura and minimum hygrometer, .type 11 
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is beJow it. They are made of any metal bnt are light in weight and 
elastic in property. They fit well into the slit and do not move by air or 
wind hitl only by a push of the pointer I. 

When the pointer moves upward, it jmshes the rider A which represents 
the maximum % humidity. Hut when the humidity decreases, the ])ointer I 
moves down without affectinj^’ the rider A, and pushes the rider B down- 
ward. When the humidity increases again, the iminter moves up without 
affecting the rider B- Thus the rider. A represents the maximum humidity 
and B the minimum humidity during any interval of time. Therefore this 
device also serves well the purpose of the maximum and minimum 
Hygrometer. 

The instruments are in the making and further details will be published 
in due course. 


Till? OR Y 


Hoth these devices work on the principle of the Mahajan ’s optilpal 
hygrometer. 
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ABSORPTION AND REFLEXION OF U. H. F. WAVES 
( 300-500 Mc/s) By SEAWATER 

Bv S. K. CHATTERJiiE and B. V. SREEKANTAN 

, {Received foi t>nblieatian, Jan. 17, 1949) 

ABSTRACT. The pre.sent paper deals with the al)S()tption and reftexion suffered 
h.r a plane eledroniagnetic wave (300-500 Me/s) while travelling a .solution of a mixture of 
eleetrolytes simulating sea water. Kxpeiimental re, suits indicate niaxitnuni absorption 
at 3'-o Mc/,s and very little variation of the reflexion eoeflicient over the frequency range 
in question. It has also been observed that dielectric eon, stain and conductivity increa.se 
with increasing Irequency of the incident wave. 

1 N T R O I) UC' T J 0 N 

The solution of ninny problems of radio wave propagation, esjiecially at 
ultra-high freqencies requires a knowledge of the absorption and reflection 
taking place at a earth and water sui face, The propagation of ultra short 
wave, for which the ionosphere plays a negligible part, over both land and 
sea and at distances both within and beyond optical range has been 
investigated by a number ot workers, but there still appears to be a paucity 
of available published data for the frequencies in question, The data 
reported here will serve tentatively to fit into certain gaps in the experimental 
infoimation already available. The present experiment relates to the study of 
absorption and reflexion of u. h. f. waves (300-500 j\lc/s) in sea water. 
Sea water (Int. Crit. Table 1928) varies in its salt contenTat diflerent places and 
times from 0,15 to 4-15%. In order to obtain definite information as regards the 
behaviour of sea water at ultra high frequencies, experiment has been carried 
out in the laboratory with a mixture (Dorsey, 1940) of 26.9 gins/kg of 
sodium chloride. 3.2 gms/kg of magnesium sulphate, 3.2 gms/kg of 
magnesium chloride, and 1.4 gras/kg of copper sulphate in aqueous solution 
to simulate sea water. The results as regards reflexion coefficient will differ 
under practical conditions, a:* due to the presence of, crest and though of 
waves and varying ridges with place and time, there will be diffuse reflexion, 
whereas, in the present experiment, the reflexion may be regarded as 
specular. 

EXPERIMENTAL 


Aticnmliov Coefficient . — 

The method of measurement employed is the free space wave method. 
A parallel beam of radiation emanating from a dipole aerial placed at the 
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focus of a parabolic cylindrical reflector, being reflected by another plane 
reflcctcr placed at ^5", passes throtigh a cell containing sea water and I he 
inlensiiy of Ihe transmitted beam picked up by a detector is studied. The 
cxperimeulal arraiigenient is the same as. reported clsew'hcre fChatterjee and 
Sreekantan, 1948). If the intensity of the beam incident at the^Hqiiid surface 
be /„ the attenuation coeflicieiit a at any fretiuency can be found from the 
decrease of transmitted wave intensity 1 varying with the depth x of the 
liquid according to the following 1 elation 

a= 2-30? fn 

:v i 

provided the decay in iiiten.sity follows a simple exponential law. But <^ue 
to high refi active index of the liqtrid under investigation multiple reflexion 
takes plac.'' inside the liqii’d giving rise to a transmission percentage vs denth 
of the liquid curve of wavy nature (Fig. i). The increase of direct beanii 



I lepth of liquid in cuis. 

FiG. I 

intensity due to secondary reflexion may be avoided if the liquid layer is 
sufficiently thick to absorb secondary beam, 01 if the liquid pos.sessts very 
high absorption index. Generally the application of *- simple exponential 
l.'UA? will introduce considerable error in the calculation of «. 

When a plane wave is incident normally on the air-liquid, surface, a 
portion of it will be reflected back into air and will constitute the useful 
energy for proi)agation purposes. The rest of it will penetrate the liquid 
layer and a portion of it passes the liquid glass surface and will reach the 
detector directly, and another portion will reach the detector after suffering 
multiple reflexion inside the liquid layer. If Eg represents the amplitude 
of the electric vector and o) the angular frequency, the electric component 
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of the incident wave may be representnl Neglecting number of 

reflexions undergone, inside the liquid beyond the fourth and assuming the 
liquid layer to be of uniform thickness and that uo energy is refracted back 
into the liquid from the glass air surface, it can be shown (Knerr, 1937) 

that tlic average energy at the input of the detector is given by the following 
relation . 

Energy = [f + 3R/vh’-4«* cos + cos 2<p 

+ c — ^ax cos ^ + R'W'* — 

where a the attenuation coeflicieiit is given by involving « the 

refractive index and, K the absorption index. The phase factor is represented 
by 0 and is a constant, involving Kq the amplitude of transmission 

factors at the air-liquid and liqiiid-Slass surface. The amplitude of reflexion 
factors in the liquid at the upper and lower surfaces aie R apd respectively. 
It is evident from the energy exjjrcssion that the terms involving 
cos 0 liecomes maximum when the term involving cos ^/^ becotnos 

maximum and minimum. I'lic result is that the maxima and minima are 
shifted depending upon .v the thickness of the liquid layer, Therefore the 
values of n cannot be delerniined from the ratio of the free space wavelength 
and that determined from the distance between two consecutive peaks. 

Attenuation coefficient has been determined as imported elsewhere 
(Chatterjec and vSreekaiitan, 19/18). The value of 0^ corresponding to 2-3 
cms. depth of the liquid has been reported in Fig. 3. 

The voltage developed at I he input of the detector is proportional to the 
square root of the energy reaching the detector. h"or a square law detector 
the change in plate cuirent being proportional to the S()uare of the input 
voltage, is proportional to the energy received by the detector. The detector 
is of the resonant line type (Chatterjee. 1948) ’ 

Refraclive Index . — 

^'lie oscillator is coupled to the lecher wire system fFig.2) by means 
of a loot> near the shorting bridge 2. The coupling loop can be moved 



Fig. 2 

Arrangement for determining refactive index 

with the bridge 2, The adjustment consists in shifting the shorting 
bridge i as far deep in the liquid as possible and then adjusting the bridge 2 
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to make the eetector reading maximum. The detector is then shifted to 
po-sition for maximum deflection. Next procedure js to shift the first bridge 
inside the liquid towards the detector, thus varying the thickness of the 
liquid travelled by the wave and plotting the detector leading against the 
thickness of the liquid. For each position of the first bridge, the energy 
reaching the detector will be contributed by the electric component of the 
direct wave and also the component of the wave entering the liquid and 
reflected back into the air and so on. The resultant electric component E 
of the w'ave at the detector may be represented by the following expression 
(Cooper, 1946^ 

£ = b -y(2^A:-T) 

where /3 is tlie phase constant of the liquid path and y represents the pilose 
factor of the reflected and transmitted wave. The factors a and h inveive 
amplitudes of the transmission and reflexion factors and the electric field 
strength of the initiating wave at the detector. The detector being a squaire 
law type the the above expression for the field strength produces a plate 
current change in the detector proportional to 

+ !)* I 2ab e~~'^ co.s (s^x—y) 

The distance between two consecutive peaks of the curve relating the detector 
deflexion and thickness of the liquid x gives half the wavelength in the 
liquid. ^ 

R K I' h p; \ 1 O N C O E F F T C I R N T 

The ratio of the reflected to incident intensity for normal incidence is 
given by Fresnel’s expression (jV— i)/(jV t 1) which can be written equal to 
(tj - 1 -jfe)/(ii + I - jfe). On squaring, we get the reflection coefficient jR as 
follows 


(m — + K“ 

\V+\)^'+K‘ 

The vatiation of R over the frequency range is given in Fig. 3. Values 
of the absorption index K are obtained from Ihe following relation 
K = (ocy/an-n). 

DISCUSSION 

The vibration of the attenuation coefficient with frequency (Fig. 3) 
indicates maximum absorption at 380 Mc/s. The relaxation time r 
corresponding to the peak absorption can be calculated from the Debye 
(Debye, iqaq) relation «<»rs=i, to be equal to 4.18 x lo"*® seconds. 

The reflection coefficient shows very little variation over the frequency 
range under investigation (Fig. 3). The refractive index of the solution 
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indicates increasinR values with frequency increasing. The electrical 
behaviour of the solution may also be studied in tcrihs of the complex 



300 X ^00 X 500 X 

iVequency 

Fig. 3 


dielectric constant — jf - where is the dielectric constant, rr is the 

conductivity and / is the frccjuency in c, p. s. Since the complex index 
of refraction N = n{j —jk) is equal to the square root of the complex 
dielectric constant, it can be written that 


e:=n^(j-K^) and 


77<x mhos 

6on cm 


Variation of tan tr — where = and = 2 and fr with frequency 
can be studied from Fig. 4. 



300 X 10® »■ 400 X 10®^ 500 ^ 

Freqnencsy 
Fig. / 

6— lyiaP— 6 
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The rise of conductivity with frequency may be explained in , the 
followinfi- way. The present case is similar to that of finding the conductivity 
of a solution containing per cm'*, («i Wj-.-w*) ions of species (i, i, 


with charges (ci, Ci, Ci—e,) e.s.u. per ion. The frequency dependence 
of the conductivit>' of a mixture of strong electrolytes has been investigated 
by Falkenhagen and Fischer (1933) and also by Onsoger and Fuoss (1932). 
The conductance of the jth species of ions in a mixture of s different kinds 
of ions is given by the following expression (Onsager and Fuoss, 1932) 


A, = A 



1,07 ^ 10* 


Ay. 




f»-0 


, _26.98_ 7 




ri/3 


where A5 represents the conductance at infinite dilution. The relaxation 
term inside the parenthesis depends on the square root of the total ionic 
strength F and on tlie mobility ratios and on the ratios in which the vaijious 
ions are present. The term due to the electrophoretic effect involves <^nly 
the square root of total ionic strength and viscosity. \ 

I'o evaluate the above expression a knowledge of viscosity is es.seutial. 
If the composition of a mixture of electrolytes of concentration r is given l)y 
the mole fractious x, y and (i -.r-y) and if ‘’^present the relative 

viscosities of solutions of pure salts of concentration c the relative visco.sity 
of the mixture is given (Ruby and Kawai, 1936) by the following expre.ssion 

i]=xif + yif + a- “ y ) 'l'" 


The total ionic concentration of the mixture of electrolytes forming sea 
water is 3 s.7 gm/kg of sea water. Then taking the viscosity values for the 
respective salts (lut. Crit. Tables, 1929I as follows 

ijNaCl = 1.0456 


»/MgCl2 = i-i 50 t> 

*/MgSOi= 1.1800 
jjCuSOr =1.1500 

the relative viscosity of sea water is 1.0688. The viscosity of pure water at 
25'"C being 8. 94 millipoises, the viscosity of sea water at 25° C is 9.557 
raillipoises. Calculating the dielectric constant D from the values of n 
(Fig. 3) the values for relaxation and electrophoretic correction terms at 
different frequencies have been determined and tabulated below : 


Table I 


1 

in IMc/s 


1 971 X lo 

(J13')0/2 


28.98 


I 


300 

400 


<^■3833 17,57 

0.3407 16.90 

0.3217 
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So tlio oppression for the conductivity at different frequencies ceu be written 
as follows 


800 0 

A- A 

J i 

00 

„ . 0 1 x' <"> 1 

0.3832A.Z >Cv +17.57/ \ 

A — A — 

J J 

1^0.3407^“./’ 2 ^ j 

> 

0 

0 

II 

0 

1 

0 1 

o.3ai7A / > C 7 ‘"' + l6.58/,■ 


It will be evident from the above table that the irorreclion terms due to 
relaxation and electrophoretic effects decrease with increasing frequency. 
So the value for conductivity increases with increase of frequency over the 
range in question. 
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THE NEAR ULTRA-VIOLET SPECTRA OF BENZENE 
PART III. FERMI RESONANCE IN THE EMISSION 
SPECTRUM OF BENZENE 

By R. K. ASltNDI and M. R. PADHYE’ 

ABSTRACT. A large iinniber of b'emii doublets have been di.seovered iu the einis.sion 
.spectmin of beuzenc. These are due to accidental degeneracy in the vibratt(»tis 1596 cj and 
1598 (combination of 606 cj+ggaa,,,) further superpo.sed by .several quanta ofggzoifl 
vibration and involving also 923 a , ,, excited frequency iu addition to series of 160 difference 
frequency. The magnitude of doublet interval with increasing excitation of the vibrations 
is well represented by an expression derivable from considerations of the first order perturba- 
tion in the potential function of the molecule. 

IJN T It O D U C T 1 O N A N D R E S U E T S 

Fenui resonance in the case of benzene .seems to have been first 
discovered by Wilson (193d)- The Raman spectrum of benzene shows two 
strong lines at a frequency difference of 1584 and 1606 instead of one cal- 
culated at 1596.* These have been explained as Fermi doublets due to 
lesouance between (1506) f,; and (606 cj+oga C|,, = 1.598) cj. 

In the Raman .S])ectnim, lines involving higher vibrational quanta are 
usually too weak to observe and these vibrations are inactive in the infrared 
spectrum. Hence Fermi doublets involving overtones or combination tones 
have not been recorded. In the absorption spectrum similarly only the 
fundamental Fermi doublet is observed but since absorption can go to different 
vibrational levels iu the excited electronic state, two more doublets have been 
recorded both of which, however, involve the same fundamental Fermi 
doublet. In the high pressure fluorescence spectrum (Ingold and Wilson, 
1936), there is evidence of not only the fundamental Fermi doublet but also 
two more doublets involving one and two quanta of 992 superposed on the 
Fermi doublet. 

In the case of the emission spectrum, in addition to the fundamental 
doublet, four more Fermi doublets are found involving one to four quanta of 
992 successively added to both components of the doublet. Each of these is 
further developed into series involving the 160 difference frequency . Some 
of them also develop into progressions involving the 923 frequency in the 
excited state overlapped by the 160 difference frequency. The wavenumbers 
oil these doublets ovserved in the course of an investigation on the emission 

* All frequencies are given in wavenumbers in cm"' units. 
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spectrum of benzene? are collected together in Table I, in which also the 
bands observed in absorption and fluorescence are suitably indicated. 

The Table shows two parallel series of bands termed * and 13 which involve 
these doublets. The fundamental doublet frequencies obtained from the value 
for the mean of the five bands that occur in the 160 series superposed over the 
fundamental doublet is 1585 and 1602. .Similarly the positions from the 
ground slate of the doublets involving i to 4 quanta of 992 are obtained as 
mean values from the corresponding t6o progressions. These data on 
observed mean frequencies are given in Table 111 . They enable us to study 
the Fermi interaction with increasing quanta of vibrations as in CO2 or H3O. 
It must, however, be remembered that the differences in the present case are 
obtained from the band head data which are themselves subject to an error of 
about ±3 cm*’, I 

j 

D 1 .8 C U S S I O N OF R E S U L T S '\^ 

The case of accidental degeneracy here met with falls to a certain exlent 
in the same class as of CO3, w'hich has been fully worked out by Dennison 
(1932; 1940) and Adel and Dennison (1933). The interaction is treated as a 
perturbation brought about by anharmonicity. The first order perturbed 
energies are obtained by solving the secular determinant ) A "", — ATFi J = o. 
The roots of this determinant AlFj furnish the required perturbed energies. 
The quantity /I ^ is the matrix element of the perturbing function Tj +Ar/j. 
The first order perturbation should give the magnitude of the interaction 
correctly. This is nearly but not wholly l)orue out by experiment. The 
agreement between theory and experiment becomes, however, more complete 
if the second order perturbation is also employed. A complete theory of 
Fermi resonance for CO3 is hence given by Dennison and Adel and Dennison, 
which is further extended by Darling and Dennison (1940) with suitable 
alterations to H2O. The accuracy of experimental data available in both 
these molecules is superior to that in our experiments on benzene. Here we 
do not observe the band origins as in COj or H2O particularly in their infrared 
data but only band heads. It is, therefore, thought that the first order pertur- 
bation alone need be considered. The case of methyl halides which is 
analogous to CO2 is in this respect particularly interesting and has been 
w'orked out by Adel and Barker (1934). Using only the first order perturba- 
tion, they obtain expressions for Wu and Wp which are separations from the 


unperturbed levels including the constant shift — due to the ground level. 
Thus, 


lFa = A-l- 


^ - 1 - 


§ For details of experimental procedure, etc., refer to the paperon the Emission Spectrum 
of llcnzenc in the near ultraviolet Fart I of this series. 
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and 







h 


where A is the displacemeut of the calculated f requeucy from the meau of the 

observed doublet, is given by where A is the doublet sepa- 

ration aud n takes values I, 2--.etc., b is a measure of the anharmonicity 
appearing in the cubic part of the potential function. 

In benzene, the fundamental perturbation occurs between the singly 
excited e*, vibration and the single excited composite vibration 1598 c'h (formed 
by 993 a I (, + 606 c'v). In otlrer words* the degeneracy is between two doubly 
degenerate vibrations. For single excitation, the degeneracy is not removed 
both and vibrations have the same / value namely i. In this respect the funda- 
mental degeneracy in benzene differs from that in LX)j or the methyl halides 
where the fundamental degeneracy is between a singly excited non-degenerate 
vibration and a doubly excited degenerate vibration. The I value for the 
non -degenerate vibration being always o, only the component having i==o 
of the doubly excited non-degenerate vibration enters into interaction whereas 
the component having 1 = 3 is unaffected. 

The observed excited Fermi doublets in benzene arise on account of 
superposition of a non-degenerate totally symmetrical vibration which has 
no influence on the 1 value. The vibration quantum numbers of the 
frequencies giving rise to the doublets arc shown in Table II. Among such 
doublets found in COs, there are similarly those which arise by suiierposition 
of a non-degenerate vibration. These considerations lead us to adopt 
expressions for WaanAWa similar to those used by Adel and Barker. The 
value for the component vibrations thus calculated arc given in Table III 
along with the observed values. The agreement is considered satisfactory. 


Noic added on January 12, 1949. — 

in a recent paper which reached us last month, Garforth and Ingold 
(1948) have made a detailed analysis of the fluorescence bands of benzene. 
From a re-examination of the spectrograms and micro-photogranis of the 
bands previously reported by Ingold and Wilson (1936), they have recast 
the data On band maxima and recorded similar resonance doublets. Although 
there is some discrepancy in the wavelength data it is .satisfactory to find 
that the doublet separations are exactly identical with those recorded here. 
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Taw,k I 


Series* 

rvao, 

Int.*'" 

Series 

I'vtie 

Int. 

"0® 

365 '-> 4 ^ '1 1 

8 

3 „" 36486^ ’1 1 



8 

»«* 

3634 3 ■'■’1 ! 

^ 1-5 

3 o' 36325 ’''’+ 1 



5 


361H2II 


j8o* 36 i 66 ^’ 1 I 



5 

«0^ 

5602311 

I 

36006 M 



1*5 

Oo 4 

35871 

L 

3.584811 



0 


355 i 7 tt 

5 

fl-.® 35492II 



7 


35356 II 

5 

35330 11 



4,5 


351931 1 

1 

1® 35269! ! 





3503H 1 1 


35007 



r 

a.,*! 

34877 1 1 





\ 


34530!! 

3 

+•-2® 345 " HI 



4.5 \ 

a. 2' 

343711 1 

5 

0-2* 3.1338!+ 



5 


34208I 1 

1 

3 - 2 ® 342 7 ''!! 



3 

“•a* 

34046 


3^' >18 1 I 



0 

0.3" 

33549 

I S 

+*-3® 33512 1 + 



5 

«-s’ 

.3384 

2.5 

8-3^ 33347 


0 

0 


I 


<)-3* 33 l 8 g 



c 


I 


3 / 3253.1 







32351 



1 




32310 



0 


36442 

2 

+•1-1® 36.|2x '- 



3-5 


36276 

J 

1’ 36257 







36007 



2 

“1-2“ 

35455 

3-5 

^1-2” 35425 ' 



4 (n 

“>-2* 

35393 

1 

^1-2’ 35264 



2(?J 


37427 

0 

■ — 



’ 

“2® 

38353+ 

2 (?) 






t These are also present in the absorption spectrum Radle and IJecb, (19^0). 

1 1 These are. also present in the fluorescence spectrum Ingold and Wilson (i936\ 

The notation followed is the one given in Tart T of the scries, namely, negative 
subscripts for superposition of 992 quanta in the ground state and the superscript denoting 
the quanta of the dilference frequency lOo superposed 

** The intensities are those visually estimated relative to the intensity of the strongest 
band Ro® as 10. 

The complete table given in Tart 1 of the series gives some more bands as belonging 
to a and ^ series but since the assignment is not unique, they are not included in 
iiiivs table. 
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Table II 


Doublet 

V, 


Vi 

No. 

606 

993 

(1596) 



fli. 


— ’ 

^ ■ 

— 


1 

(t 

I 

D 

] 




( 0 

0 

1 



3 

0 

11 




i 

i 


(» 

■< 

( 0 

3 

0 

HI 

■y 

T 


!o 

A 

0 

IV 




3 

1 

V 


5 

0 


4 

I 


Table III 

^ = + 1-3) = 1 5Q3 .5 _ i 5c^S =-- 


-A -5 cm 








r = J 34.4 


H/„fl=A±| " 

( 4 2 
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THEORY OF DOUBLET SPECTRA UNDER 
MAGNETIC PERTURBATION 

By S. SENCHIPTA 

(Received for publication, Dee. i6,, ig./S) 

ABSTRACT. The problem of a spinning electron moving round the nucleu.s in the 
piesence of an external magnetic field has been considered from the wave-statistical point 
of view. The general expressions for energies and wave functions in any field strength have 
l)een obtained. The problems of no field, weak field (Zeeman effect) and strong field 
(Paschen-Back effect) are considered as .special cases. The resnlt.s for the no field case are 
identical with tho.se obtained in the earlier paper (Kar and Sengnpta, ig-ig) . Other results 
also agree with the well-known spectroscopic formnlm. 

lu a recent paper the energies and intensities of doublet spectra have been 
calculated by Kar and Sengupta (i94q) by the usual wave-statistical method 
without splitting the second order wave equation into two linear equations 
as has been done by Dirac. In the above paper the effect of the external 
magnetic field has not been considered. Further, although a spin function 
with half harmonic value is introduced, no generalised wave equation for the 
spin and revolving motion of the electron is given-. Moreover, in that paper 
the idea of vef'tor coupling between f, and S and the formation of the coupled 
states defined by / and M has been used. 

In the present paper wc shall dispense with the above idea and shall give 
a general treatment of the problem taking into account the effect of external 
magnetic field. We shall at first calculate the energy values and wave 
functions of a spinning electron moving round a nucleus and under the 
influence of an external magnetic field. The problems of (a) no field (6) 
weak field and (r) strong field will then be considered as special cases. 

Before we actually go into the i)roblem it may be useful to give a short 
summary of the previous works on the subject. As early as 1936 Heisenberg 
and Jordon (1936) first discussed the problem using matrix mechanics. Datc-r 
on Condon and Shortley (1935) arrived at the same result by a somewhat 
similar method. Again on starting from Dirac’s equations for hydrogenic 
atom, Darwin (1928) and subsequently Bose and Bose (1944) using Sonine’s 
polynomials, obtained the same general expression ’for the energy of the 
spinning electron in any field strength. 

The complete wave function for the spinning electron moving round the 
nucleus is given by (vide Kar and Sengupta loc, ciL). 

^nlm I w , = ^nlm 1.^ ms 
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where and are the orbital and spin wave functions. If we assume 
the spinning electron to be equivalent to a rotator of mass m© and radius 
where n is the radius of gyration of the electron about its centre, then the 
wave equation satisfied by ^'nu is the same as that of a rotator. It can be 
easily shown that the complete function satisfies the wave equation, 






F) — O 


where A- 


r‘^ 0r 0r sin^ 0^ 


.. ^ 9 . 

8^ r'^ sin**^ ^ 0«jf>^ 


/ 1 9 9 +_ I 9^ \ 

\ sin^' 0^^' ar siii'-^ 0' W- I 


a^WnO'dO' 3^ siii^ (9' 00'2 j 

and I n^En I E f, ... f r ■ 3) 

/i„ ? being the well known relativistic orbital energy and Es the spin energy 
obtained by solving the wave equation for Thus for the spinumg 

electron moving round the nucleus wc get the wave equation, wave functions 
and energy values respectively from (i.i), (i) and (1.3). 

It is evident that the wave function ^nUn,ni, is 2(2/ + i)-fold degenerate 
with respect to ?i7 / and rUg. Now, since any linear combination of these is 
also a solution of the uave equation, we write for the general wave function 

4 i 4 i 

r= 5 5 o^jh ,w ,^Hhn ,ni , ... ( 2 ) 

where cxmiwi/s arc arbitrary constants. It is easily seen that satisfies the 
same wave equation as viz., equation (i.i), 

■We shall now consider the effect of the spin-orbit and magnetic perturba- 
tions on this system. The spin-orbit perturbation is given by ('hhomas (1926)) 


(LS) 


• • (3) 


where L and S represents the orbital and si)iii angular iiionientuin vectors 
of the electron. Other symbols have their usual meaning. Now, 

{ES ) ^ ExS.r ^ E « S i, EzS t 

= i{(Lx + + (L,. - jL„)(S.. + iS,) + 2L.54 = - 

^ 07 t ^ 

operator ... (3.1) 


here, operator = -<*')[ ~+ i cot ff 11 cot ) + 




, — i cot 6 


0 \/ a 


d<i> \^' 


+ i cot O' 


0 ^' / 0000' 


which is obtained by introducing the well known operators associated with 
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Thus the spin-orbit interaction energy becomes; 


_ 




r,' _ ^-■‘5 

ii«-o — r~a- operator 

i6)r*r® 

Now the orbital magnetic moment of the electron is 


( 4 ). 


M,= L 

2 m«c 

and the spin magnetic moment 


moc 

Hence the total magnetic interacti(>n energy in an external magnetic field 
H along the z-> axis, is given by 


Efi - fLZf4 26 'H) 

2 HluC 

= aim I + 2 m t) 

where 

4 nmyC 

Thu>s the total perturbation energy is 


(5) 

> (s.i) 


E,_o + Eri == — 


Z<?2 


mlc'^ 


^ operator + a (nt j H- 2 m , ) 


( 6 ) 


We shall now apply the general method of perturbation for degenerate 
systems to find the change in energy and wave function. Let the changed 
energy and wave function be, 

E = Enl j + ^ ) 

^ - (7) 

W'here c and ^ represent small changes in energy and wave function. The 
wave equation for the perturbed state is given by (Kar and Sengupta loc. cit,) 


AX + { K - ( F t- E , _o En )} X = o tS) 

On substituting from (7) in (8) and remembering the relation (i.i), we 
get neglecting second order terras, 


M c = {E + Eh - c)X „ , 


(8.1) 


then 


If we express ip as a function of the unperturbed wave functions ^'m/’s 


~ ^ ^^n'l ^nT 


(8, a) 


71' I 


where /!„»{» ’s are small constants. On substituting (8.3) in (8. a) we get 

■ SS ( En j j ~ Ejjrj/j = (Ej_() + Eh ••• {9) 

«' I’ 


2— i7iaP— 7 
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It is evident that if we nniltiitly both side's of (9) by any of the a{ 3 l+ 1) 
functions and integrate throughout the five climen.sional q-space then 

the left hand side will vanish due to the orthogonality of the wave functions 
^nhiiitH,. Therefore we get 2(2! + 1) equations of the tyjie 

j'{Ei~Q+ Ell ~ I ^nlm 1 ni , dr = o 

Or from (2) 

S S (Hm'iin’, I {E g-Q + Ell ~f) ^iiliii'itii', ^iilniiin , dT = o ... (lo) 

m' I ni* , 


Now it may be easily shown that tlie vvell ktiowJi relations between the 
associated I^yC^eiulre functions 


( ?) B — nti+i 

- I i cot 0 -- \pi e - s/ (I — w i)(l f n? / -f' i) e 

66 o0 / 




m , 


are also valid for P, with s = 4 and n?,= ±i. On iising the above 
relations we get, 


E im , 






■f V (/ mi)(] + n/ j <'^nlnhm , ^ 


r 


... (ji) 


On integrating (10) with the help of (n) we can write out the 2(21 + 1) 
equations for different values of m/ and m,. For m,=i we get (2/ +1) 
equations of the type, 

Will, J I - nir +a(mj + 1) — ^ I ■<■ ««»i + i, - J ^^ .>/ (? — mj) (/•+ ni / + i) =0 ... (13) 

and for m , = -i we get (2/ -I- 1 ) equations of the type, 


«*H (. — J j “ ~ nti +a(i» i — i) — e /• + «»», -i, | - ( 1 + m j ) (/. — w / + i) — O (12.1J 


where 




and 


; - Al .2^ = Rhe^'^s* 

r® ^ ^ n^ld + i)(/ + i) 


(12.3) 


Perturbation energy . — 

The 2(2! + 1) . equations given by (12) and (12,1) contain 2(2l + j) 
constants. By eliminating them and .solving for e we get in general 2(2! + 1 ’ 
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roots of c. Wo shall now find out these roots. We take the llh equation of 
(13) obtained by putting j = 

, + a(l + r) - f} = o ( 13 ) 

and — Zlh equation of (12.1) 

+ — E 

From these we get the tAVo roots, 

* = a(i + 1) + ibl 

e = —a(l + i} +\bl 

To get the other 4/ roots we take the /n; + jth eqi 


}-o 


(13. i) 


(14) 


lation of (la-x), 


Wmii-ib ^/ (I — in i)ll + mi + i) + a,mi +1,— 1 + i) + aw j ~tf} = o... (15) 

If wc eliminate and *tiii +1, — j from (15) and (12), we get solving for e, 


« — a(wj+4) — ±~ V b®(ai + + 4®® +8ab(j)tj + ^) ... (15. i) 

4 4 


Thus here wc get two energy values for each value of mi;. Since wi 
here can take uii 2/ values from / — i to ~ I corresponding to the 2? equations 
of (12), (the Jth equation being already considered"* we get in all 4/ values 
of e from (15. i) Again from (14) we get two more values of c. Thus we have 
altogether 4/ 2 values of 

These 41 + 2 values of e however can be arranged in two groups. It is 
seen from (14) and (15.1) that when a=o i.c., in the absence of any magnetic 
field, all the 4/ + 2 different energy levels merge into two, and where, 


«i = \bl ^ 
«2 — —ib{l + i) \ 


(16) 


Since both levels given by (14I merge to Cj, jt is easily seen that of the 
(4Z + 2) levels (2/+ 2) merge to «i and the remaining 2Z to Thus we sec 
that in the absence of a field a particular level will break up into two 
under spin-orbit interaction. Their perturbed energies arc given by (16). 
on application of the field splits up into (2Z + 2) different levels. Two of 
these are given by (14) and the other 2I levels are obtained from (15. i) with 
the positive sign before the radical. They are, 


fi** =a(7Hi -1-^ ) — — + ^ ^ b^( 2 l + + 4a^ + Sabi nil +\) 
4 4 


where 


l~i^ini ^ -Z 


(17) 


It is interc.sting to note that for b( 2 l + 1) !> 2a i.c., for weak field, the energies 
given by (14) are obtained by putting m* - Z and -Z-i respectively in (17). 
Thus in this case all the (2Z + 2) energy values are obtained from (17) for 
— Z — I, which may be conveniently represented by ®‘,, *• 
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The other level eg Splits into si different levels whose energies arc 
obtained from (15.1) with negative sign before the radical, namely, 

" *44 

wJiere / “■ i ^ ^ ^ 


JVave function. 


Let ns next proceed to find out the wave functions associated with these 
^ energy values. We shall throughout neglect V', tlie small correction in the 
wave function due to perturbation. However, the i)erturbation also affects 
the degeneracy of the wave functions and as such modifies the unperturbed 
wave functions. The modification of this tyjie is often called the zero order 
correction of the wave function due to perturbation. It may be calcfulated 
in the following way. \ 

We have taken the uiiijerturbed wave function in the general form 
given in (2), in which are arbitrary constants. Thus the problem 

of finding out the zero-order-cori ccted w^ave functions reduces itself to 
finding the values of for different perturbed energy values. To do 

this we substitute any particular value of f-: from (17) or (17.1) in the (4/ f 2) 
equations of (12) and (12. i). Then vve get (..i/H* 2) equations connecting 
(41^2) arbitrary constants On combining these equations with the 

geneial averaging condition 


fill 


/,2 

VhVl, 


(iSl 


\vc can easily find out the values of these constants. 

If we take the energy values given in (17! and sulistitute them in 
equations (12) and (12-1), we see that ali , except ‘.'tn,! and + -i 

vanish. P'or these two wc gel from (12) 


,i _ w/) (l + W j + 1) 

“wj., + i, —I ibrrti + t) 

utilising the relation (18) and after .some work wc get. 


(19) 


78 _ -jhinti + i) -I- am t 

_ j bm; + a(m; H- 1) — B,>ai 
wi+i, — Jb + a{2mj + i) — 2e,»"' ^ 


(19. i) 


Thus the wave functions associated with the griven energy values Si”*' ’s are, 


^nltlin, , §Xnit». I J , + 1, — jX|iimi+i, — J 


(20) 


where 


1 ^ mi ^ -1-1 
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i 

and + -i arc Riven by (19,1). Similarly if wt* lake the energy 

values given in and substitute tlicin in the equations ^12) and (12.1) 

we get as before for the non-vanishing coefficients and -j, 

1 4 “jb V f ) ( /. + m i + 1 ) 

H-i, -4 ihrni +alnii +1) 

and 

nui -- lb + a( 2 }iJ / -I- 1) “2^2'" ' 

= ibj" / +a (i)/ j! -f i) 
w / 4* 1 , - 4 —4 I- ah ni / 'h j ) ‘ 


(21) 


(21. i) 


Thus the wave functions associated with the energy values are, 

Xnh'^J^i = — -J ... (22) 


where l-i ^ mi 

and 4, +1^ are given by (21.1). Here we have taken 

negative, for it can 1)C easily shown from ‘17,1' that < Ihm t 4 a(m^ 4 i) 
and so from (21) the ratio lii ■J-m, +t, —4 should be negative, 

Thus the equations (17), (17.1', (20) and (22) give the general values 
of the energies and wave functions of the electron in any field strength. 
From these we can calculate the freqtiencies and intensities of the lines 
resulting fiom any transition. The general expression for the intensity of 
the line in any field strength is rather complicated. We shall, however, 
consider a simple case and calculate the intensities of the ten components of 
sodium Di and D2 lines in any field strength. But before that we shall 
consider some special cases. 


No fi 0 ld case — 

As already pointed out for H=o /.e., a = o the (2^ + 2) levels of energies 
given in (17) merge into one level given by (i6)- Similarly the 2I 
levels given by (17.1) merge into another level tq. The total energies of 
these two levels are given by (vide equations (7) and (1.3)) 


Eo = En / 4 F- , + fc'g 


(23) 


Scince E, is constant, it will not affect the calculation of frequencies of 
different lines. Neglecting it and substituting the values of £wi, and eq 
it may be easily seen that (23) is identical with the well known spin-relativity 
formula. 
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It is evident that <?j and levels are now (2/ + 2)- and fs/)- fold 
degenerate. The associated wave fuiiclions can be easily found from (20) 
and (22) by putting a==o. Thus the (2/ + 2'! wave functions for e, are given 
by, 


wliere 


\,u,n , i + JiLzJ^X^ir ,, , +x. 
' 2/+I ^ 2/+I 


nit 


-/• 


(24) 


aiul the 2/ wave fiiiictioiis for l^ivel are given by 


i- / +2 , — i ... (24-1) 


where, l^i ^ tU[ > “Z 

If we A\ rile )n=^}n f + m ^ rcmeiiibering that has the value + i for b(iflh 
tlie functions on the right hand side of (24) and (24.11 then it is easily sebn 
tliat they are identical with the wave functions given in the earlier i)ai)er 
(Kar-Scnguj)la loc. cii.) for the slates j = / + || and Thus the different 

lines and their intensities can now be calculated in llie same way as 
before. 


Y , / 


-# 


mil 


iH 1 


Xtilntil - -y) 


( / + »»! + 
2I + I 


Weak field case (/ccinan ef/cci ). — 

# 

In this case Z) > > a, since J I is small. Hence we neglect comi)ared 
to l)‘\ Thus from (17) we get 


m, 

^'1 


~ + ag(m I 

2 


2/ + I 
2I "i- I 


(25) 


where / Sr ^ — i 

and g is the Lande factor for doublets with j — / + J- Similarly from (17.1) 
we get, 


=--fc(/ + r)+ag(m,+i); g = - ... (25-1) 

* 2 21 + I 

where 1 “ i ^ w j ^ — 1 

and g is the Lande factor for doublets with j = l — If we write 'in—itii + 4 
then it is easily seen fhat (25) and (25.1) are identical with Lande’s formula 
for Zeeman separations. For vanishingly small fields, the wave functions 
associated with (25) and (25.1) are still same as in the no field case and are 
given by (24) and (24'i) respectively. We shall now calculate the intensities 
of the Zeeman components of the lines resulting from any transition nl^n'V 
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For no field we get in general three lines from the above 
transition. They are, 


(i) 

(3) 

(3) 


The fourth line as was shown in the previous paper will have zero 
intensity. In a weak magnetic field botli <-.1 and break up into 

several levels, their energies being given by 1.25) and (as'il. From any one 
of these initial levels fi,'” I or in general three different Iran.sitions may 
occur. These are characterised by three different values of viz.^ 

Am/=o, ±T. For the transitions with Ai)i/=.o, only the Z-coinponent of 
the electric moment i M, ) exists. Hence the resulting vibrations are along 
the Z-direction and we get the ir-components of the Zeeman pattern. For 
A(n/ = ±i we get the t- components. Since in transverse ob,servation 
intensities of the lines are proportional to the square of the moments, \vc 
shall have to calculate Mx, My and M, for different transitions from the 
wave functions (34) and 134.1 's Calculations are same as in the iirevious 
paper (Kar-Sengupta loc. cUJ and wc shall only give the re.sults here. 


(1) For the line 

Am , =0 M? = ii'l - 1) 

(3/+1)- 


Am, = ±i = ^ I 

4 121 tl'^ ) 


36) 


12) for the line n/(>2— ♦a'fV, 


Aw, = + i4 = -j?-lH/; hV-i) 

Amj = -I, MS=M? =='■'■*■ n'l-r) 


f ... (26.1) 


(3,1 for the line nl*-:t->n'rc-'.. 


A 





1 

I 

I 


Ami = + i,M? = Mf n'l-r) 


Amj=-i, M|«M? 


til + 

4 (2/-!)^ 


(26.2) 
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If we write in = »» / + i and j = l + h for the initial state s, and / = / - 4 for the 
initial state «--2 then the above formulae reduce to the well known relatibtis 
for the intensities of the Zeeman components first derived empirically by 
Ornstein and Burger (1924). 


Strong field case (Paschcn-Back effect). 


In this case a>>b. Hence we get from (17), neglecting 
with rt®. 


tw / = a ( in j -I- 1) + a "I I 


compared 
... (28) 


where i-~r ^ iin ^ —1 

Similarly from (17.1) we get, 

«iWi =aiii I I + 1) 

where / ~ i ^ m i ^ / 

The remaining two energy values and are given by (14). 

functions can be easily calcvilated from (20) and (22). They arc, 



\ 

The wave 


and 


XjiieWi = for m 1 ^ -~l 

^hU7*~^ ~ = -J 


(39) 


giving the (21 + 2) wave functions associated with 12/ + 2) energy values . 
Similarly the wave functions associated with < 's are given by, 

I + 1, — i ... (29.1) 

where t — 1 ^ in f ^ — I 

with the above results we can calculate the different lines and their intensities 
in the Taschen-Back limit. It is easily seen that all the energies given by 
(28) and (28.1) can be incorporated in the single formula. 

e = aiiiii + 21U ,) -tr bin I III , ... (30) 

where nr , = ± 4 and I ^ in i ^ — I 

and the corresponding wave functions are given by Hquation (30) 

gives the most commonly used form for the energy m the Paschen-Back limit. 
It is easily seen on comparing the energies in the weak (vide (251 and ,25.1 1) 
and strong (vide (281 and (28.1)) magnetic fields thaT in both the cases 
Evidently this is also true for any intermediate field strength 
(vide (15.1)1. This explains the well known empirical rule that no "two levels 
in the Zeeman and Paschen-Back limits with the same value of m cross each 
other. If W'e neglect b compared to « in (30), then for allowed transitions 
we have, 

Ae = aA«i j 
Am, = o, ±ii 


where 
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This gives three lines exactly as in Torentz triplet. Calculations of the 
intensities for this case also give the same value for I he three lines as is to be 
found in the so called normal triplet, namely, the outer component has half 
the intensity of the middle one. 


Calculation of the intensities of the ten components of sodium D-lincs in 
any field strength - — 

The sodium Di line results from the transition which breaks 

up into six components in a magnetic field. The Da-liue results from the 
transition which breaks up into four components in a magnetic 

field. 

Energies and wave functions for the initial stales 3®P4 and 3“Pl. — 

“Pi level breaks up into four different levels in a magnetic field H. They 
are obtained by writing = o, --i and —3 respectively in (17), Thus, 


1 1 11 

f5i = 2rt "H - ; 

■> 

where 




a 6 , A' 


... (31) 


A = -l-4f)[2 + / 

■hj\a^-4ab ) 

The four associated wave functions arc given by, ( vide (20) and iiy i)) 

^3ifl — 

\3ieV == /Jf)J ^'3101 + 

^ A-li ^'31, -1J + /I0, -i ^310,'-!^ 


• • (32) 


yh,-i = (1 ~ ); /1„, - i = (l -^) 


y (32.1} 


level breaks up into two levels in a magnetic field. They are obtained 
by writing — i in (17.1). Thus, 

.o=«_A-A. I. ... (33, 

^242* 242 

A and A' being given by (31.1). The associated wave functions obtained 
from (22) and (,21.1) arc, 


X316“ = j 4 oJ X3ioi — y!i, -J 


I 


where, 


yloi = -^ i (i •* ^-hi- \l “ ) j 


... (34) 


... (34'I) 


3— i7iaP— 7 



298 S. Senguptu 


Energies and loavc functions for the final stale ^ 

Here energies are obtained as before from (17). They are, 

ei=a-i-fy; 67^=— a+b' .•* (35) 

b' is the value of hi for / = o (vide (12. 2)). The associated wave functions are 
given by (vide (20)). 

X30CV = ^3ooJ 

^30*1' — ^300,- J 

we shall now calculate the intensities of the six lines resulting from the 
transition 3®Pg“^3®Sl. We have here 

four initial levels ^ e} ej ^ 7 ^ 

i\/! y 

two final levels » e 7 ^ 

Since for allowed transitions we must have A;;/;=o, ±i we get altogether 
six lines avS shown by the arrows. The transitions and give 

the TT-components. Other transitions give rise to the (^.components. The 
respective moments and hence the intensities can be easily calculated from 
the wave functions already given. Thus we get for the two 7 r-components, 



(I) gM M?= TH- 


(31 = 


and for the four cr-components, 


( 3 ) M® = M? = ^^SyLiJ9l. 

6 

(4) Ml = ^J3ii_30) J _ a 


(S) M? = Mg = j. ^ 

12 y ^ / 


(6) JV/I =: AfS = ^^i. 3 _ l , j _3g) 

6 

The iuteiisities of four lines resulting, from the transition .can be 

similarly calculated. 

Here we have, 

two initial levels > 



two final levels 


> 
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Ihc resulting transitions are shown by arrows, \ye get for the two 
n--coinponenls, 


(r) 


M\ 


(2) = 




R^(3t\ 


arid for the two cr-comx)oiierits, 

(3) ms = Mg = 30)1^, + 

(4' = AO*/"! _ _«aI \ 

12 A' J 


(3S) 


Since for transverse observation the intensities are proportional to Mf and 
M.;, ecjiialions (37) and 138) give the relative intensities of the ten components 
of sodium D-liiies in any field strength. As already pointed out these 
e(]uations have also been derived by Heisenberg and Jordon (1926) from 
matrix mechanics. 

In conclusion we may note that the whole theory given above is based 
on the introduction of half -harmonic for representing the spin motion of the 
electron. There are, however, two difficulties in taking half-harmonic in the 
spin function. B'irstly, it makes the wave function double valued and secondly 
there is no apparent reason why the electron should liave the spin (luantuni 
number 4 always equal to i and not other half integral values viz., | etc 
Tlie first (luestion has already been discussed in the previous paper (Kar- 
Sengupta /oc. dt. I . The second objection may be removed if we remember 
the condition of boundedness of the wave functions. It is well known that 
for physically valid solutions the probability density 

f ^ . "dr = ( P * ainW dO'd(i>' 


should be both single valued and bounded i.c., it must have finite values 
throughout the (/-space. The values of the half-harmonic Legendre 
functions can be obtained by solving the well known wave equation for the 
rotator by the usual power series method. The two functions with 5 = are 


pt= sin*^' and P, 


sin^^' 


It is easily seen that though the second half-harmonic Legendre function is 
not bounded, the probability density for both the functions are bounded. 
Thus the above half-harmonic functions with give physically valid 

solutions. However, if we write out the four half-harmonic functions wuth 
^ B “ ±4. ±|> then it w'ill be evident that the first three satisfy 

the condition of boundedness of the density function, but the fourth function 
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with in, = “I does not. Tims with 5 = |, the allowed half-hannotiic values 
of m, are while the value is forbidden. But this non -symmetry 

in the values of m, appears to be pliysically untenable, for there is no 
fundamental difference between the positive and negative Values of m,. 
This argument also applies to other higher half-hannonic functions. Thus 
we may conclude that half-harmonic values of S higher than J are really 
forbidden. They do not give a set of idiysically valid solutions. 
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Plate XII 

ABSTRACT. Violet-degraded and donbie-hcaded bands attributed to the diatoniie 
molecule MnCl between ^3500-^3900 have been photograplied in emission in a heavy 
current discharge from a D. C. generator. They eonsi.st of seven well-separated groups. 
A vibrational analysis is .suggested on the ba.sis that the sy.stem is due tn the transition 
•tt— and the following formula is derived, 

v = a6887,r-b[/ii3.3ii'-i.2n'*]-[38s.6«"— o.Rw"!] 

The chlorine isotopic components arc detected in the (1 , 0) sequence. 

The po.ssibility of an electronic transition involving higher multiplicity ternus Is 
indicated. 


INTRODUCTION 

Band spectra of diatomic iiiolecule.s of the heavier elements, nickel, iron, 
cobalt, manganese, and chromium (oilier than the oxides) have been the subject 
of a number of investigations in recent years. The hydrides of these elements 
were reported by Pearsc and Gaydon ^1938) to give characteristic emission 
bands, when excited under special conditions, such as a higli tension arc 
in a flame of burning hydrogen or in a specially de.signed discharge tube 
using a 5000 volt, 7 i KVA transformer. Heimer (1936) obtained bands of 
the hydrides of cobalt, iron and manganese and reported their rotational 
structure. The study of the halides of these elements was also attempted. 
Mesnage (1937) recorded characteristic bauds of molecules in emission in 
a high frequency discharge with external electrodes. A brief analysis of 
some of them appears to have been projiosed by him as quoted in the “ Identi- 
fication of Molecular Spectra” by Pearse and Gaydon. But no details of 
such analysis on any molecule as done by him arc available in the literature. 
More (1938) reported four systems of NiCl and three of CoCJ and suggested 
their vibrational analysis. 

For MnCl, baud heads were measured in two regions ; (j) visible from 
A5043-\433I consisting of 12 strong heads, some degraded to red, some to 
violet and others being headless ; (a) ultra-violet, from A377o™A3658 com* 
prising of violet degraded and marked sequences of close double headed 
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bands, Tlie wavelengths of five of the outstanding heads and their vibra- 
tional assignment were quoted by Pearse and Gaydon. Muller (1943) 
investigated the MnCl spectrum in absorption of the vapour at high teiii- 
peralures and interpreted an ultra-violet ‘system between A.3500-A46D0 as 
due to the transition the ^o, o) bands of which are arranged in 

quadratic tniiltiplct schemes. 

Work on the other halides was due to Mesnage (1937), Muller (1943! and 
Rochester and Olsson (1939!. The general observational data on these 
molecules are still meagre and it is believed that further investigation is needed 
m view of the importance of the knowledge of the constants for thefee 
molecules for a clearer understanding of the general problem of binding 
forces in diatomic molecules. 

In tins ])apcT,*^' the constants will be reported b)r the MnCl iiiolecvilc as 
ol)tained from an investigation of the ultra-violet system in the region ^37bt'‘ 


n X V K R T M K N T A h 

The usual transformer and a low power (5 to 10 watts.) high frequency 
discharge through the vapour, which have been used !)y ns, generally have 
proved unsuccessful for the excitation of the emission bands of halides of 
such refractory metals as mangatievse. Mesnage, who reported the appearance 
of the bands in high frequency discharges should have used a high power 
oscillator of the order of 250-500 watts. The type of arc and discharge 
tube dcsciibed by Pearse and Gaydon fur NiH and Mnll bands suggested 
to us Ihe possibility of exciting the bands by a high tension, direct current 
generator, intended for use in connection with hollow cathode sources. 
Preliminary attempts showed that the necessary conditions for producing 
the halide bands like the hydride bands, should lie really positive column 
conditions in which a high partial pressure of the halide vapour or the metallic 
va])Our mixed with halogen is maintained with a high current density. 

The generator employed is (made by Siemens-Schuckert, Germany) 
capable of delivering a current of one ampere at 2000 volts. It is separately 
excited and tun by a three-phase induction motor. The generated voltage 
can be regulated over a range 600 to 2000 volts by a series resistance in the 
field circuit. With this type of generator, no specmlly designed discharge 
tube was needed. An ordinary tube of quart/, about 10" long and 0.5'^ in 
diameter, provided with side-tiil 3 es for the electrodes and vacinim pump 
connection, served the purpose well. The electrodes were short -cylinders 
of pure nickel sheet the distance between them could not be set greater 
than about one inch ; to avoid melting of the sealing wax joint, the arrange- 
ment, shown in Fig. i, was adopted in which these joints were fairly remote 
from the cylindrical electrodes ; water cooling of the discharge lube whs 

A brief report was published in * Current Science '—July, 1948* 
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Tabi,eI 

Manganese Chloride Bands (A35oo — A,38oo) 


W£ive length 

Int, 

Wave number 

Classifi- 

cation. 

Wave length 

Int. 

Wave imuiber 

Classifi- 









cation. 

3533-98 

35.11 

37 - 05 

38- 59 

I 

1 

X 

1 

28296.7 
28279.6 
28264.1 

28251.8 

13.10 

12.9 

11,8 

10,7 

3687.82 

89.43 

90.42 

2 

4 

T 

27108.6 

27096.8 

27089.5 

8,8 

40.69 

42.80 

1 

1 

28255.0 
28218 2 

9,6 

8, s 

3691.96 

2 

■'17078.2 

7,7 

44.37 

1 

28205 7 

7»-1 

94.04 

3 

27063.0 


81.79 

83-49 

2 

2 

jyyii.i 

27897,8 

12,10 

11,0 

95 -80 
96.45 

3 

I 

27050.0 

27045-3 

6,6 

! 

85-33 

8776 

2 

2 

27883.6 

27864.6 

10,8 

9,7 

98. 48 

3 

27030.5 

5 ».S 

90.35 

91.87 

92.90 

2 

2 

2 

278-14-5 

27832-7 

278’.:1.S 

8,6 

7 ,S 

5700.1 8 
02.2 : 

3 

5 

27018.1 

47003.2 

U \) 

4,4 

9 t >.37 
98.17 
3600.31 
02. jS 

03 81 

2 

2 

2 

3 

2 

3 

27797.9 

27784.0 

27767-5 

277531 

27740.5 

2 r 727-,5 

6,4 

5,3 

3 ,J 

04.96 

C6.55 

07.27 

(.8.90 

3 

4 

T 

4 

26983.2 

26973.1 

26964 . 5 

26954.5 

iQi) 

.1,3 

(P3) 

2,2 

03.81 

r 

27718.5 

2,0 

10, 8c) 

4 

26940. 1 

(.(>2) 

28.50 

I 

27551-8 


12.70 

'I 

..■6926.9 

1,1 (i’2) 

29.93 

2 

27541-2 

1 1 . TO 

15-87 

'4 

26904.0 



2 

-‘7528.5 


17,02 

3 

26895.7 

0." ((?i) 

33.04 

2 

27517-.3 

10,9 

3736.93 

3 

26752.4 

10,11 

3^^34.82 

3 

27503.9 


38.09 

.? 6 . 9,1 

J 

3 

26744.1 

26754.6 

9,10 

3570 

2 

27497,2 

o.s 



38 «2 

2 

27473-6 


40. 6h 
42.17 

2 

1 

26725.7 
26714,9 1 

i 

8,9 

39.50 


27468.5 

8,7 



40.59 


27460.3 


43-09 

> 

26708.3 


2 


1 - 1-55 

2 

26697.9 

7,8 

41.76 

3 

27451-5 

7,6 



4 .- 1-02 




47.21 

. 2 

2667S.5 

6,7 

2 

27454-4 





-15.04 

3 

27426.8 

0,5 

49-03 

2 

26666.0 


46.14 

i 

27-418.5 

51-57 

2 

26648.0 

S76 

47.28 

2 

27409.9 

274 '> 3-8 


3753-68 

2 

26633.0 


48. JO 

3 

5 i 4 

55-43 

3 

26620.6 

4.3 

49.11 

2 

27396.2 

56.67 

I 

2661T.8 



50.03 

3 

27389.3 


58.11 

2 

26601.6 

3»4 

51.19 

4 

27380.6 

4.3 




52.11 

2 

27373-7 


59-79 

2 

26589.7 


3 ^^ 54-00 




62.09 

2 

46573.4 

2,3 

4 

27359-5 


64-13 



55-24 

3 

27350.2 

3,2 

I 

26559.0 


56.08 

I 

27343-9 

66.16 

I 

26544.7 

i»2 

56.98 

3 

27337 -a 


68.83 

1 

26525.9 


S8 00 

2 

27329-6 

2.1 

70.79 

1 

26512.1 

0,1 

60 II 

2 

27313.S 


3785.29 

I 

26410.6 


61.35 

1 

27304.6 

T,0 

87.61 

2 

26394-4 

10,12 
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Tabi,e I iconld.) 


Wave length 

Tnt, 

Wave number 

Classi 11 - 
cation. 1 

Wave length 

Int. 

Wave number 

Classifi- 
cation . 

3790.47 

3 

26374-5 

1 

9.11 

3845-56 

I 

25996.7 




2^364.1 


47-32 

2 

25984.8 

8,n 

91-97 

2 






Q.-l-Sh 

3 

26348.2 

8,10 





96 -59 


26332.0 


50.28 

2 

2 5964. 8 


3 

7>9 

51.93 

2 

2 , 5953-7 

7,10 

98 81 

3 

263 16.6 






3800.82 

3 

26302.7 



I 

35943-1 




26286.3 


5 .SM 0 

2 

2 .S 933.3 

6,9 

03.19 

3 






05^28 

3 

26271.9 

.S >7 

57.00 

2 

■25919.6 






60,25 

I 

25897-7 

i 5,8 

0 

00 

Ln 

2 

26249.5 

4,6 




I 



26227.1 


61.69 

1 

25888.1 

1 

H.77 

2 

3,5 

63.69 

1 

35874.7 

V' 

14.6.4 

0 

26207.4 


65-25 

I 

25864 3 

3\6 

16.57 

2 

26194.1 

2,4 








70 54 

1 

25838,9 


18.79 

2 

2617S.9 


•72. Qo 

I 

25813.2 


20,75 

0 

26165.5 

T ,3 







1 26153.8 


74 09 

I 

25805.2 


22-45 

I 


75 98 

1 

25792.6 

ii 4 

35 •'13 

I 

i 26133,5 

0,2 







26017.6 


79.70 

I 

25767-9 


42.47 

I 

9,12 

81.4s 

I 

257.56 3 

0,3 


not found necessary. In the absence of Ioiir quartz tube even ryr alternative 
arrangeineut consisting of shorter straight vitreosil tube, just long enough to 
extend beyond the cylindrical electrodes only, with a pyrex tube connection 
at either ends sealed on to it, proved sufficient. The generator leads are con- 
nected to ahnniniuni electrodes in the side-tubes to the pyrex ends. 



Fig. I 

The substance was spread at the centre between the electrodes and also 
S])rinkled inside the nickel cylinders. When the generator voltage is applied, 



ov 



'anganese chloride bands (Quarrz Ll-trow spectrograph^ 
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the condition in the tube is best described as an arc 'discharge. With an 
ammeter and voltmeter in the circuit; the voltage is gradually increased 
from about 600 until the discharge starts. An optimum current condition 
is found to exist for each substance at which the discharge can he maintained 
without a break-down. For MnCl, a current of about 0.6 of an ampere at 
1500 volts proved satisfactory for the excitation of the bands veiy strongly. 
The discharge was intense and the kathode presented a strong glow across 
its entire section, very much similar to that in a hollow kathode source. The 
spectrum was photographed with a Hilger quarta Littrow spectrograph (type 
E 1 .) and also in the first order of a to ft. cancave grating on Ilford special 
rapid plates. Short exposures of about 2 to 4 minutes were quite adequate to 
give good spectra on account of the high iiiten.sity of the discharge. 

DESCRIPTION OP T H R SPECTRUM AND A N A h Y S 1 .S 

The bands are reproduced in Plate XII in three strips ; (n) for a short 
exposure, and (b) for a long exposure to bring out the higher sequences 
distinctly, fitrip (c) is a higher enlargement of the central sequences to indicate 
the intensity variations in them, and to bring out MnCl isotopic leads in the 
(i,o) sequence- The ordinary typical appearance of well-separated close 
sequences is evident. As observed by Mesnage, the bands are double-headed 
and degraded to the violet and extend from ^3800-^.3500. Some of them, 
chiefly of the (0,0) sequence, are line-like. In addition to the band system, 
the arc lines of manganese are also excited in the source. But the overlai)ping 
is so little that the bands could be easily distinguished. Table 1 gives the 
wavelength and other data of the entire system. 

In attempts to arrive at the vibrational structure of the bands, two 
considerations were mainly taken into account ; (i) the apparent sequence 

structure of the bauds, (2) the nature of the electronic states involved in the 
omission of the system. 

Rochester and Olsson suggested ’5 — as a probable transition for 
one of the band systems in manganese fluoride. If a .similar may be 
considered as a jiossible ground state for the observed MnCl bands the elec- 
tronic transition of the system may be V — ’S. The doublet characteristic of 
the bands may be assumed to arise from the expected P , Q components. 
A vibrational scheme can be developed on this basis and the bands arranged 
in a quadratic array ; the seven groups being regarded as seven seejuences, 
with the strongest of them at i' — 26805.7 the (0,0) band of the Av~o sequ- 
ence ; 10 to 14 members are assigned in each sequence, h'rom such an in- 
terpretation the usual formula calculated from the wave numbers of the less 
refrangible components of the doublets is 

v = 26887.i + [4i3.3M'-i.2tt'*]-[385.6M''-o.8u"'*] 

with consistent with the violet degradation of the bands. This 

ciassification is shown in column 4 of Table I, Support for this vibrational 

4 — 171 jP— 7 
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sclienic is obtained by the detection of the chlorine isotopes for four members 
of the (i,o) sccpieuce as shown in Table II below ; 


Tabi,r. II 


Bniiil 1 

J 


Calc, isotropic shift j 

1 

Ohs. isotropic shift 


1 

1 

7-7 j 

f^-3 

<•1.31 


8.0 i 

6.CJ 



8 , a 1 

1 


(^5) 


8.4 1 

! 

8-3 


Further supjiorl is obtained from a comparison of the ground sta\e 
frequency of MnCl with the coi responding values of the chlorides of the 
elements in the first transition groui) of the periodic table, as far as they 
are known. These values are shown in Table 111. 


Tabus Ilf 

Ground state freciueticies of the chlorides. 


Ti JNIii Fe Co Ni 


Cu Zii Ga Ge 


^17 391 3^5 403 386 /\2i 418 

One main difficulty, however, in the above interpretation of the bands 
has been the intensity peculiarities in the heads fonning the Axj = o sequence. 
It is seen from the reproduction of the spectrum that the intensity variations 
are normal in all the sequences but they are certainly abnormal in the (0,0) 
Sequence, 1 his would suggest a more complex structure than that arising 
from a simple electronic transition V- ^ 5 . The largeTJiumber of unclassified 
bands, shown separately in Table IV and occurring in the same regions as 
the well developed groups, would also lead to a similar view. Muller con- 
sidered the existence of high multiplicity terms in molecular spectra from 
the conception that llie total spin of a molecule is composed of the spin 
vectors of the separate atoms. Terms of such high multiplicity as V were 
suggested for MnCi and MnBr. Unfortunately, the original paper of Muller 
was not accessible to the author. It was read only in abstract (Science abs- 
tracts, 194S). A - V transition giving 19 baud systems was reported. 
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But It would seem that the bauds do not appear ,to be as complicated 
as they would have been if Ijoth llie upper and lower states involved n- terms 

Tari,k IV 


Unclassified Bands. 


Wave-length 

Int. 

Wave-number 

Wave-length 

lut. 

Wave number 

3557 - 9 " 

59-97 

61.99 

1 

I 

1 

28098.3 

28082,1 

38066. a 

35-72 

45-79 

63-34 

J 

I 

I 

2676X.0 

26689.1 

26564.6 

64.03 

67-59 

89.46 

3630,83 

i 

1 

2 

I 

28'^'50,2 

28132.2 

37851.4 

27610.1 

77-05 

79.00 

81.21 

86.27 

I 

I 

0 

1 

26468.2 

36453.9 

36439.1 

26403.7 

22 32 

1 

2759S S 

88.65 


26387.2 

24 52 

0 

27582.0 

3826.99 

2 

26108.5 

as 37 

1 

37575-6 

30.43 

2 

26099.4 

27 22 

1 

375 ' 3 i S 

33.09 

I 

26088.1 

37-68 

j 

27482.4 

36.81 

r 

26056.0 

43-35 

1 

37439-5 

‘ 38.49 

1 

26044.6 

53-17 

1 

37365.7 

S8.69 

X 

25841.2 

6g.oS 

1 

37347-1 

71-73 

1 

25821.0 

7 «‘ 55 

I 

37256 2 

77.60 

I 

25781.3 

72.37 

1 

27223 7 

83.79 

[ 

25747-4 

74-25 

2 

37208.7 

84-33 

X 

^ 55737-2 

76 01 

1 

27195-7 

86.09 

1 

257 -^ 5-2 

77.87 

r 1 

27181,9 



79-^1 

2 

27168.1 

87.91 

1 

257x3-5 

81,63 

3 

27154.2 

89.95 

X 

25700.0 

83.60 

1 

27139 X 

91.64 

I 

25688.9 

85.63 

2 

27124.8 

93-13 

I 

35679-1 

3703.53 

I 

36993.6 

94. 68 

I 

25668.x 

30.53 

1 

36999.7 

95-99 

1 

25660.2 

32 51 

1 

267S4.O 

98.43 

1 

25644,1 

34-50 

I 

26769.8 

3900. 18 

1 

25632.6 




ina 



of multiplicity seven ; further in MnF, Rochester and Olsson’s systems 
indicate S as a iirobable lower state. The observed complexity may perhaps 
be due to a high multiplicity n term for the upper state, the lower stale being 
a 'S. If this view is correct, an alternative classification would be to regard 
the successive doublets in any particular sequence as P , Q components of the 
structure arising from an upper term. The fainter unclassified heads may 
form the heads of the other com])oneut systems. Such a possible assignment 
is indicated in brackets for some of the heads in the ^v = o sequence. A 
detailed study of the bands on this basis is being made along with that of the 
structure of similar bands which the author succeeded in obtaining in the 
case of MnBr add MnF. A discussion of these will be presented in a suc- 
ceeding coimnunication. 

While a detailed study of the bands on the basis of a ‘.t — transition 
was in jirogre-ss Bacher published in Hcl. Phy. Ada. a comprehensive and 
interesting paper on the same system of MuCl and other analogous systems 
in the remaining halides of manganese attributing them to the transition 
V—'S. The author has since confirmed Bacher ’s analysis by extending 
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it to hipher sequences in MnCl and MnBr systems. A brief report of this 
work has already appeared m Curr. Sci, (1949) while a detailed paper is in the 
course of publication in the Indian Journal of Physics. 
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THE PRINCIPAL MAGNETIC SUSCEPTIBILITIES OF 
SINGLE CRYSTALS OF RARE EARTH SALTS AT 
LOW TEMPERATURES. PART II, 
PRASEODYMIUM SALTS 

By a. MOOKHERJI 

(Rci'civcd Joy piibllcaiioUt Juno 27, 

ABSTRACT. The principal suhceptibilities of praseodyniiuHi sails liave leeii 
measured from room temperature down to lk|nid air temperature. The results are dis- 
cussed in terms of the crystaDiue electric field theory. It is found that (j) on the basis 
of a single .Suitable cubic field the observed magnetic moment at all temperatures in the 
range studied can be explained satisfactorily. (2) The observed large anisotropies of 
the crystals point to the existence 0/ strongly asymmetric rhombic field. (3) a rough 
estimate t)f the rhombic part of the field show.s that the splitting by it is by no means 
small and compares favourably with the cubic splitting. (4) The x^axis of praseodymium 
sulphate rotates by about 63 degrees m the range studied. 

INTRODUCTION 

Following Van Vleck (1932), Penney and Sclilapp (1932) if one attributes 
all the observed deviations in the magnetic properties of the rare earth ion, 
Pr*^^ ^ from the ideal free ion behaviour, to the splitting of the energy levels 
of the Pr"* ion, under the influence of strong and generally asymmetric 
crystalline fields, one should expect the mean of the three principal susceptibil- 
ities to be determined almost wholly by the cubic pait of the fleld. The 
rhombic part will have very little effect on the mean of the three susceptibil- 
ities though the individual susceptibilities will be affected considerably, I his 
conclusion has been verified satisfactorily in the case of cerium salts (Mookheiji, 

1949) ■ 

Though in most of the crystals the crystalline fields are predominantly 
cubic in symmetry," the small deviations from the cubic part of the field 
produce nearly as great an effect on the susceptibilities as cvibic parts. On 
the other hand if we consider the mean of the three principal susceptibilities 
of the crystal, which is the one measured with crystal powder, the effect of 
the non-cubic part is not so conspicuous, owlug to averaging out of the 
effect along the three principal axes, which are not all of the, same sign 
(Mookherji 1946, Bose, 1948). The measurements on powder will reveal 
only the effects of the cubic part of the field whereas measurement with 
single crystal can reveal the effects of both the cubic and the non-cubic part. 
That is why measurements on the principal susceptibilities of single crystals 



510 A. MookJkerji 

are much more informative than the usual measurements, namely, on the 
crystal powder. 

It i.s true that the axe.s of the crystal fields associated with the different 
I)araiuagnetic ions in crystals will not in general be parallel to one another 
and even in an anisotropic crystal there is a partial averaging out of the 
contributions of the non-cubic parts of the crystalline electric field associated 
with different paramagnetic ions. But even so, such anisotropy as is left over 
can supply much information regarding the asymmetric part of the crystalline 
field and the influence on tlie magnetic properties (Krishuan and Mookherji, 

1936). 

In this communication the results of magnetic measurements on single 
crystals of salts of Pr^'^^ions from room temperature down to liquid air 
temperature are discussed from the point of view of the splitting of the energy 
levels by the cubic as well as the non-cubic part of the field and ullipiately 
of the magnetic behaviour of the ion. 

I<; X 1* K R 1 M E N T A L 

The experimental methods used in these measurements were the Same 
as described in our previous paper (Mookherji, 1949) on cerium salts. 

Specimens of praesodymium salts in these investigations w’ere of high 
purity and were made available through the kindness of Professor Trombe' 
of Paris University to whom we take this opportunity to express our thanks. 

R E vS U L T R 

* 

The results of measurements are collected in Tables I to IV. The same 
notations and diamagnetic corrections as adopted in the ])revious paper 
(Mookherji, 1949) are itsed in the irreseiit communication. Figs, i to 5 show 
the nature of variation of magnetic anisotropy and square of principle moments 
with temperature. 
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T"K->- 

5 « 


rr2Mg,(NOi,)ja. 



1 ^ 

FREE WN I CUBIC 1 RHOMBIC 

I I 


, Fig. 6 

T H K M F A N M A G N T I C MOMENT AND THE CUBIC 
PART or THE PIE El) 

Ihe ground state of the ion is '’H.i. The next higher level name]}' 

the is removed by about 2100 cm~^‘aud hence at all ordinary tempei'atures 
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the influence of the latter level on the magnetic behaviour of the ion will be 
negligible* The splitting of the ground level of ion under electric 

fields is given in Fig* 6 above. 

TABWt I 

Magnetic anisotropy at 30*C. 


Crystal 

Crystallo- 
graphic data 

Mode of 
suspension. 

Orienlalion 
in the held. 

Ax 

Magnetic 

Anisotropy 

rr2(S04)j.8Il2O 

MoiK^clitiic 
prism 
a :b :c 

2.986:1 ‘.i .99 

‘ b ’ axis 
vertical i 
‘ a ’ axis ) 
vertical > 
<001 ) i^lanc ) 
horizontal ) 

' b ' axis ! 

along field ^ 

‘ b * axis ) 
alongllield > 

795 

1006 

iSoo 

, 

( Xi“X2=795 

\ X3“Xi=T005 

1 4-25®.9 

Cal. -f 26”. 0 

IVjMga (NOs^ij.a-iTlaO 

i 

1 

1 Trigonal 

( 

Trigonal 

axis 

Trig, axis 
normal to 

636 

=636 

1 

horizuntal 

1 

field. 


j. ■ 


Table II 

Absolute susceptil)ilily along a convenient direction 


Crystal 

1 ; 

Jhrectjon 
along which 
susceptibi- 
lity was 
measured . 

Temp. 

"C 

Den.sity 
of the 
crj^stal 

Volume 
suscepi i- 
bility. 

Corres- 
ponding 
gin. mol , 
suscepti- 
bility. 

1 

Corres- 
ponding 
gm. mol. 
suscepti- 
bility 
at 30 "C. 

l’r2(S04)3.8H2() ' 

I’r2Mg2 (NO3) 12.2 4H2O 

Along xi-axi.s 
Normal to 
Trigonal 
axis 

28.5 

3«-5 

^.837 

2.182 

38-'17 

’3. <19 

9,680 

9.430 

1 9.64" 
9.450 


We have already mentioned that the mean of the three principal 
susceptibilities is determined to a close approximation by the cubic part of 
the field alone. Taking the cubic part of the field h to be of the fourth 
order, the energy levels will be given by (Penney and Schlapp. 1933) the 
following equation (i) 

Wi“ 67 ^a 

-336a 

and the corresponding energy separations are o, -’336«, — 57 ^^* and — taqfiai 
where is a constant determined by the magnitude of the cubic fieldi the 

5— 1713 P.— 7 
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Tablb in 

Temperature variation of Magnetic Anisotropy 




Suspension used for measurement 



Crystal 

Temp. 

axis vertical 

*a’ axis vertical 

Xl-Xi 

e 


“K 






X1-X2 

X3-X1 -X2 Sin*« 




300 

800 

10 10 

1010 

+2.1 


. 

868 

1070 

1070 

f 


260 

937 

1170 

1170 

I 3-5 


240 

1010 

1320 

1310 

\ 4.0 


220 

JIOO 

1500 

1480 

\ 6.7 


200 

1 20() 

1780 

1720 

\ 

\ 12.5 

Pr2 (804)3.81120 





180 

1320 

2120 

J970 

19-5 


160 

1480 

2670 

23/JO 

28. 0 


140 

1740 

3,160 

2770 

32.0 

1 

120 

2620 

4590 

2960 

52.0 


100 

4590 

57 i^> 

^^250 

6 u .2 


85 J 

68S0 

0750 

io6() 

62.5 



Trigonal axis horizontal 





Xj.- 




i 

1 300 

660 J 



1 ?8o 

802 



j 26< ) 

949 



1 a 4 '> 

TO8O 




22r) 

1 220 



Pr 3 MR 3 (N 03),.3 

20C) 

1 380 




t 8 o 

1 .S 20 

- 



1 60 

« 

1690 




140 

i860 




120 

2020 




100 

22 TO 



' ' 

85 

3340 
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Tabi.i{ IV 

Teniperalure variation of principal susceptibilities 


CryKlal and 
direction along 

Ui 

0 

x\ 

X '2 







which measure- 



x' 





men! was 

Q 4 

g 









taken 

cu 

H 










3OC1 

Qg6o 

qi6o 

10970 

10030 

12.05 

n.o8 

13-37 

12.13 


280 

10500 

9630 

11570 

10570 

11.82 

10,87 

13.06 

11.92 

. 

260 

11 340 

lt)29f) 

1 231x1 

1124 <> 

11.67 

10. 79 

12.89 

11.78 


2^0 

T1770 

10760 

15080 

11870 

”•39 

10.42 

12.66 

11-19 


2 2(J 

12470 

11370 

13960 

12500 

1 1 .06 

to. 09 

U.38 

n,i8 

lVj(SO<);,8HjO 

200 


uigo 

15110 

13,s6<' 

10.80 

9.830 

12.18 

lu.gu 

Along >^)-axis 

180 

14380 

13060 

‘•’.t.SO 

14600 

1 ( 1.43 

q. 4 «.> i 

11.87 

i "-59 


i6o 


14050 

J7870 

1 5S( 10 

10,02 

9.070 ^ 

Ti.53 

10.21 


T.'^O 

j6gfK) 

15160 

19670 

77280 

9.540 

8.s6o ^ 

11.10 

9 - 73 '-' 


120 

1(8510 

i 5 H 9 f> 

21460 

i86go 

8.960 

7.681 

10.59 

9.010 


} 00 

20360 

j6o(K) 

22870 

19830 


6.450 

9-23 

8.003 


8s 

22360 

15480 

22420 

20420 

7.66 

.S -137 

8.05 

7.(^0 



1 

i 

1 

^ " 

i. 1 

x 

'‘1 

M II 





300 

JOllo 

945 <J 

9890 

12.23 

11-43 

11 .96 




2SO 

J0610 

t)8io 

10540 

li.g8 

ii,o8 

11.68 




260 

II390 

10440 

11080 

11*91 

10.04 

ji.6r 




240 

T2I90 

1 

1 111 TO 

11830 

11.80 

10.75 

n.45 




220 

T297O 

1 

{ JI75O 

T2570 

IT. 50 

1 

10,42 

11.14 



l‘r 2 ^'*g 3 (NO,Oj 2 

200 


1245'^’ 

13370 

11.15 

10.04 

10.78 



241130 

Along 

380 

15040 

1552^ 

14540 

30,91 

9.810 

10.54 




160 

16550 . 

, 34860 

15990 

10,68 

9-585 

10.3- 




i4«) 

18400 ' 

’ 16540 

17780 

10.59 

9-337 

10.04 

; 



3?0 

20550 

i853<^' 

19880 

9.920 

8.964 

g.oot) 




100 

23090 

20880 

22350 

9.510 

8.420 

9.010 




85 

2 5900 


33750 

i 8.8S0 

1 

8.076 

8.6jo 

1 
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mean of the three principal susceptibilities will then be given by 

X = 00926^3" + Q;23e~^'' — .02276“^"— .01990“^'^") 

a 


+ (.1302^’^" + .0052c 7 ’')] -i- [30^''" + 2e + 3c ^'' + e (2) 


Where 



and hence conversely from the observed mean of the three 


principal susceptibilities at any given temperature we can calculate the field 
constant. It is gratifying that over the whole of the temperature range 
studied by us, the observed magnetic data for the mean susceptibility fit well 
with the value a— — .585 cm"'. The observed values of /S and those calculated 
on the assumption of a cubic field of the fourth order with a= —.585 cm"^ are 
given in Table V. 

TABgE V 

PrJS04)3.8Hj0 
a = - .585 cm"’ 



"K 

Calculated 

01)served 

300 

11.74 

12.1 

200 

iu.86 

30 . Q 

a 00 

8.19 

8.03 

‘^5 

7.18 

7.0 


The corresponding valuesfor the PraMg3(N0a)i2.24H20 are given in Table VI. 


TabivE VI 


Pr2Mg3(N03)i224Ha() 

0= — .508 cm"*' 


Temp. 

“K 



Calculated 

Observed 


1X.95 

ii,g 6 

200 

10.85 

10.78 

loo 

8.89 

9.01 

^55 

R .05 

8,62 
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Thus the magnetic data for the mean susceptibility for ,both the crystals can 
be satisfactorily explained on the basis of a suitable cubic field. The magni- 
tudes of the cubic field required for this purpose are reasonable since they 
will correspond to an overall separation of 756 cm“‘ iu the sulphate and 
661 cm"* in the double nitrate. These are of the order of separation in the 
absorption spectra. 

For the octahydrated sulphate data for the mean susceptibility at low 
temperature arc available from the measurements of Oorter and de Haas 
(1931). Their values are given in Table VII, for comparison 


Table VII 


Temp. "K 

2SS 

^^9.3 

169.6 

J37.9 

77.33 

20.4 

1 ^ 1-39 


ii‘03 

, 


lO.T 

9.66 

8 .72 

1 

/1.8 

4 .at 


Among the other prasoedymiuin salts for which magnetic data at low 
temperatures are available are : — 

(1) Pr2(CaH5S04)6 rSHaO -...Faraday rotation of this crystal has 

been studied by Becquerel (1936). 

(2) The anhydrous sulphate whose meen susceptibility in the powder 
state has been measured by Gorter and de Haas (1931). 

In both these salts the temperature variation of /*“■* is nearly the same 
as in the hydrated sulphate, which point to a crystalline field of nearly the 
same magnitude in all of them. This is to be expected since in all of them 
the field is presumably due to an octahedron of six negatively charged oxygen 
atoms, surrounding the Pr^**^ion, belonging to the water molecules iu one 
case and to SO — * groups in the other; but their distances from the ion will 
be nearly the same in both the cases. 

We have seen that the cubic part of the field determines to a first 
appro.vimation the mean square moment Lc., its deviation from the free 
ion value of 12.81, of Huud, and that the rhombic part will have very little 
effect on ju*, though the whole of observed anisotropy is due to it. 

In the above discussions we have for simplicity taken the cubic field to 
be of the fourth degree. This is justifiable at least in the case of Ce*^*^ion 
(Mookherjl, 1949). In Pr*'^ ions also the sixth degree terms of the cubic 
field, of any reasonable magnitude that may be present will not much affect 
the mean magnetic moment. This can be seen fiom the following 
Table VIII taken from a paper by Kynch {1937) which gives the energy levels 
under a cubic field involving respectively fi) the fourth degree terras only, 
(2) the fourth and sixth degree terms, the magnitudes of these two groups 
being chosen on the basis of the known distance of the negatively charged 
atoms surrounding the ion in the crystal. 
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Table VIII 

Only Fourth degrep teriiiH o, ic>i.8 i74-5 39*'7 cm" 

Sixth degree terms nlso n, 116.7 3 ‘w 4t‘3 3 

included 

It will be seen that the two sets of values are not very different, showing 
that the effect of the sixth degree terms on the energy levels and hence on 
the magnetic moment is quite small. 

It is observed that '^1 -axis of Pr2 (S04).<i 8HaO rotates through about 
63“ as the temperature is lowered from 300 to 85 degrees Kelvin. 

M A G N IC T1 C A N 1 S O T R O 1> Y AND T H E R H O M 15 1 C 
PAR T O 1' T H E 1' I K h D 

Though tlie rhombic part of the field does not to a first approximatilpu 
affect the mean susceptibility, it is the rhombic that is responsible for the 
observed anisotropy of the crystal, and from the known ani.sotro|)y it should 
be possible with suitable simplifying assumptions to estimate the rhombic part. 
The assumptions referred to are ; — 

(1) The principal axes of the rhombic field concide with those of the 

cubic field 

(2) The field axes associated with different paramagnetic ^ions in the 

unit cell are all oriented parallel to one another. 

(3) That the rhombic lerms which can be put in the usual form 

V ^ = A + By ^-{A + B)z^ ( 3 ) 

have cither 

(a) Some symmetry, corresponding, say to the two constants A and B 
being equal in which case the expression for Vr reduces to 

Pr =/l(.^® + y® - 22®) (4) 

Or 

( 0 ) Extreme asymmetry, corresponding to the coefficient of 2® being- 
zero, in which case the expression for Vr reduces to 

Vr = A(x^-y^) { 5 ) 

We shall refer to these two alternatives as case (a) and case ib) respectively. 

With these assumptions, as Penney and Kynch (1939) have shown, 
the separations of the energy levels produced by the rhombic field will be 
as given in Fig. 7 

Case (a) — Denoting by numbers 1 to 4 » the four split levels split by the 
cubic part of the field as shown in iDg. 7, the overall splitting produced by 
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the rhombic part will be zSm for level (2) and 8m for level U), where m is 

=}4 

=>3 


Fig. 7 


a constant determined by the rhombic field. The corresponding expressions 
for the princiijal susceptibilities at room leinpeiuture will be 

= = 14 + .05811;.') 

M? = 12.14 - .116111 ) 

Case (/») — Here the overall separations of (2) and (4) will be 28m and 8m 
respectively. The .susceptibility at room temperature is given by 

— 12.14 + .0581U 

/xf = 12.14- 'osSm (7) 

M? = I2.I4 

12.14 represents tlie mean susceptibility of the crystal at room temperature. 
It is indejjcndent of m and is determined by the cubic field alone. 

In actual crystals the simplifying assumptions (i) to (3) will not hold 
at all. But the order of magnitude of the rhombic |)art of tlic field can still 
be estimated roughly. 

From equations (6) and (7) it will be seen that is eriual to 0.174 m 
in case of ia) and ecpial to o.ii6m in case of ib). In both cases the .separations 
are equal to 28m and 8 in respectively for levels (2) and (4). For any rhombic 
field in general, we may calculate the order of magnitude of the separations 
by taking A/u® to be of the order of 0.15111, and the .separations to be of the 
order of loin. Now in Pr2(S04)38H20, /u® is about 12 cm~^ and the 


A/x® 

anisotropy ^ 

li * 


is about 0.2 from which 


we obtain A/x® = 2.5 cm”’. 


Since 


A/x2~o. i5w;, this gives in '^o.ifi cm”’, and the separation produced by the 
rhombic field, which we have taken to be of the order io?n, should be about 
160 cm”’. This is not much smaller than the separations by the cubic part 
of the field. 
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THE EMISSION SPECTRUM OF LEAD IODIDE 

By P. TIRUVENGANNA RAO 

(Received for publication, Jan. ^9^9) 

Plate Xm 

ABSTRACT. An extensive syvStein of bands, attributed to the diatoinir inolecnlc Pb) 
in the visible region extending from X64OO-A4350 has been obtained for the first time in 
a high frequency discharge. The bands are photographed with a Hilger constant deviation 
and a Pucss glass spectrographs. Some of the bands have sharp heads and are clearly 
degraded towards the red while some are diffuse and headless. About 130 bands in all 
could be naensured and a vibrational analysis has led to the following quantum formula 
for the band heads. 


^ 19509.0+ (iiQ 5///— o 25^'*^) ”• (156-6/i'' — o.5o//''2) 

The intensity distribnlion in the system is analogous to that in the emission bands of FbCI. 
J^y analogy with the corresponding systems of the related halide molecules, the band 
sy.steni has been interpreted as due to the bigli freciiieucy component of a electronic 

transition. 


I N T R O D U C T 1 0 

The absorption spectrum of lead chloride was ‘ first reported by Baratt 
(1929) without analysis. The fluorescent spectrum of PbCl has been photo- 
graphed and paitly analysed by Popov and Neujmin (1932) using spectro- 
graphs of low dispersion (20-80A per mm.). In the course of a series of 
investigations on the band spectra of the halides of groups IV and V of the 
periodic table, Howell and Rochester (1934) reported that high frequency 
discharges through the vapours of the lead halides, PbF, PbCl and PbBr 
excited in each case a large system of bands degraded towards the red, Later, 
Rocliester (1936) analysed the spectra of two of the halides of lead PbF 
and PbCl and showed that Popov and NeujmiiFs analysis of PbCl was in- 
correct, He derived the following vibrational forinulcc for the two molecules. 

PbF v= 22566.6 + 397.75(1)'+ i)-i-77('i'' + 4)®“507-5(‘'" + i) + 2.32M + 4 )* 

PbCl v => 21863. 1 + 228.8 (i>' + i) - 0.795(1'' + i)® - 303 6(''" + J) + 0.875(11" + 4 )“ 

Morgan (1936) independently reported the analysis of Pbb and PbCl bands 
obseived by him in absorption. His analysis was found to be entirely in. 
agreement with that of Rochester in each case. In addition, Morgan reported 
6— 1712I’— 7. 
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the analysis of PbBr bands observed in absorption and derived the following 
quantum formula for the band heads. 

v = 20844.3+ [ i 52 . 5 «' -o.40m'* — o. 028«'"] —(207.su" — 0.50 m''“) 

The spectrum of the remaining halide molecule of lead, namely Pbl, does not 
appear to have beeu studied as yet either in absorption or in emission. As 
part of a series of investigations into the molecular spectra of the iodides of 
heavy elements thallium, lead and bismuth which lie in the same horizontal 
row of the periodic table, the results of a study of the spectrum of thallium 
iodide have already been reported by the author and K. R. Rao (1948). In 
continuation of this work which is intended to establish and compare the 
ground state frequencies of these molecules, the spcctnuii of lead iodid^ has 
been excited in emission in a high frequency discharge. Characletistic 
bands in the region A6400 — A4350 have been obtained. The object of Uhis 
paper is to interpret these bands and derive the vibrational constants for 
this molecule. 

The experimental set up for this investigation is the same as that em- 
ployed by the author in similar investigations and described in detail pre- 
viously. The spectrum is excited in the elcctrodeless H. F. discharge and 
also by a 1/4 kilowatt transformer. For a good development of the system, 
the excitation from a low power H. F. oscillator i.s found to be more favour- 
able. Considerable dilEculty, however, was experienced by the author jn 
supprci.:-.ing the cmijssion bands of iodine which unfortunately lie in a large 
region of overlap with the bands of lead iodide itself. As the discharge tube 
is being continuously evacuated by a high vacuum ])ump, the substance 
was heated strongly till it begins to sublime when the discharge was found 
to be intense w lute in colour. Under these conditions, the emission bands 
of iodine in the visible region were not observed, owing probabfy due to the 
predominance of the vajjour pressure of lead iodide over that of free iodine 
formed invariably as a decomposition product. Intermittent heating at 
intervals of five seconds w'as found necessary to maintain the characteristic 
white discharge. After a number of attempts, it was found that the over- 
lapping continuous spectrum could be reduced to a minimum by optimum 
heating and minimum exposure with a sharply focu.sed spectrograph with 
a fine slit. The bands clue to lead iodide were clearly brought out under 
these conditions free from any trace of iodine bands. 

In taking a photopaph of the spectrum, two instruments were chiefly 
used. (1) Hilger cousfant deviation spectrograph {2) a Fuess glass instrument 
with a dispersion of 24 A per mm. at A4500. It was found that a higher- 
dispersion instrument was unsuitable for obtaining a good photograph of 
the bands as they appear hazy under high dispersion, as in the case of 
thallium iodide bands. Exposures on the constant deviation spectrograph 
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varied from 30 to 45 minutes while with the Fuess instrument an exposure 
of 20 minutes is found to be sufficient using Ilford Special Rapid Panchro- 
matic plates. Measurements of the band heads were made with a comparator 
and were reduced to wavelengths using iron arc wavelength standards. In 
addition to the bands of lead iodide, some lead and iodine lines were also 
recorded on the plates. From a close scrutiny of the plates, these were 
distinguished from the bands. 

n F S C R I P 1 O N O F T 11 K S P F 0 T RUM 

Photographs of the spectra have been reproduced in Plate XllJin two 
strips (ti) and ib). Strip (a) is an enlargement of the spectrum in the region 
A,64 oo — A 4500 taken on a constant deviation spectrograph. The reproduction 
shows no trace of the emission spectrum of iodine in the visilde region. 
Some of the bauds have sharp heads around A5800 and are clearly degraded 
towards the red, while some arc diffuse and headless. Strip (b) is an 
enlargement of a portion of the spectrum between A5500 — A4300 taken on a 
Fuess glass S|iectrogiaph. Owing to the poor intensity of the spectrum below 
A5000. bands in this region are better brought out on the Fuess instrument 
owing to its high light gathering power. Some of the bands in this repro- 
duction appear red degraded, though many of them appear diffn.sc and headless 
on the violet end. Besides the Pbl bands, the two reproductions show a 
large nund).r' of lines. The intensities of the bands are visual estimates on 
a o — 5 scale. 

RESULTS 

Table I is a catalogue of the band heads a.ssigned to a single system. 
The table is self-explanatory. 


Taiu.e I 

Lead iodide bands. 


Wave-length 

Tilt 

Wave number 

ration. 

Wave-length 

Int, 

Wave number 

Classifi- 

cation, 

6357-3 

a 

1 .S 725.6 


6165 2 

3 

16215 6 

0,22 

45-1 

2 

15735-9 

1,26 

11. 1 

5 

16359-2 

0,21 

18.4 

j 

15822.4 

3»27 

6096.7 

1 

16597.8 


cM‘i 

1 

3 

15858’3 

2,26 

71 ,2 

2 

16466.7 

2,23 

1 

6287.0 

5 

iSSim.s 

1.35 

44.6 

2 

16539.1 


74-3 

5 

15933-6 

0,24 

5984-1 

3 

16706.3 

2/20 

4 g .6 

2 

I5gg6.6 


51*3 

5 

16798.4 

0|i8 

6190.6 

3 

I6149.T 

2,24 

28.9 

2 

i 686 r 9 

2,19 
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Table I (conid,) 


Wave-length 

lilt. 

Wave nuinher 

Classifi- 
cation. 1 

1 Wave length 

Int. 

Wave number 

Cla.ssifi- 

cation. 

sgio.g 

■j 

16913.2 

1,18 

5273 3 

3 , 

1895S.2 

1 2 , 5 ' 

5873-4 

3 

17021.2 

2,18 

64.2 

2 

18991.0 

1,4 

511 

5 

17086.1 

0,16 

58.0 

I 

19013.4 

0,3 

35-6 

3 

17135-5 

3 ,l« 

50.9 

1 

19039. 1 

4,6 

02.?, 

5 

17230.1 

«,l.s 

39- '5 

2 

19080.1 

1 3 i 5 

5787-9 

2 

17272.7 

3,17 

21.2 

2 

19147-4 

[ 

1,3 

76.9 

2 

i 7305 *5 

2,16 

15.0 

0 

19170.1 

0,2 

f^ 5-5 

3 

17339-8 

1»15 

5189.1 

3 

19265.8 

| 2.3 

51'4 

5 

173S3.3 

0,14 

80.2 

3 

19298.9 


39 9 


17417-1 


72 7 

1 

19326.9 

1 

(XI 

29.9 


17447-5 

2.15 

5147-4 

3 

19421.9 

2ia 

■\ 

13 ^ 

4 

17497-3 

1,14 

30-4 

2 

19-1 80.2 

0,0 

03 6 

5 

17527-9 

0.13 

5095-5 

1 

19619.7 


5692.1 

3 

175^13 -4 

3.15 

76.4 

2 

19 ^) 93-5 

3,1 

79.0 

3 

17603.9 

2.14 

5 <' 6 s -7 

2 j 

19735-1 

2,0 

5666.8 

4 

17641 8 

1.13 

52.7 

2 

19785.9 

5,2 

55-2 

5 

17678, (j 

0,12 

46.0 

2 

1 

» 

19S12.2 

4,1 

5588-5 

2 

1788S.9 

2,12 

38.3 

3 

19850.3 

3,0 

75 2 

2 

17931-6 

1,11 

22.7 

1 

19904 1 


60.7 

4 

17978.4 

0,10 

12-4 

■» 

19945.0 


5472-6 

3 

18267.8 

0,8 

4997-1 

I 

20006 0 

7 /^ 

53-6 

2 

18344.2 

2,9 

88.6 

4 ' 

1 20040.1 

6,j 

06,0 

2 

18492.8 

2,8 

79-1 

4 

1 

20078,9 

5,0 

5386.1 

3 

18561.2 

0,6 

68.3 

2 

20122.0 

8,2 

67.9 

0 

18624.6 


59-8 

2 

30156.5 

7,1 

50.7 

3 

186S4.0 

1.6 

50.2 

2 

20195.6 

6,0 

431 

3 

18710.5 

0,5 

40.5 

3 

20235.2 

9,2 

26.4 

2 

18769.2 

3.7 

31-5 

2 

20272.3 

8,1 

16.3 

2 

18804.9 

• 

2.6 

23-2 


20306,3 

7,0 

07.2 

3 

18837.1 

i »5 

02.2 

2 

1 

20393-3 

9,1 

529^-4 

2 

18893,4 

4»7 

4875.6 

2 

20504.6 

TO.l 

83‘9 

1 

I 

18920.2 

3.6 

65.6 

1 

2 

30546.7 

9,0 


PLATE. Xlll 



Lead iodide emission bands. 
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Tabi,r I (conld.) 


Wave-length 


Wave number 

Classill- 

cation. 

Wave-length 

1 Int. 

Wove number 

Classifi- 

cation. 

4855-1 

0 

30591.2 

12,2 

4576.5 

3 

2iS4£|.7 

27,4 

41,1 

2 

20650.7 

14,3 

67-5 

1 

21887.7 

a6,3 

30.0 

3 

20698.2 

13,2 

63.1 

I 

23 00tS.S 


19.0 

3 

30745.4 

12,1 

56.8 

3 

'^1939.1 

28., 1 

14.3 

3 

20766.1 

15.3 

48.8 

I 

21977,7 


10.2 

3 

30783.4 

11,0 

41.0 

3 

22015.4 

37,3 

05-9 

2 

20802.0 


33-3 

2 

22052.8 

29,4 

4789.1 

3 

30874.9 

16,3 

24.1 

3 

22097.7 

a8,3 

4784.1 

2 

20896.8 

12 0 
‘ 

14 I 

I 

22146.6 


78.1 

4 

20923.0 

‘ 5.2 

07 6 

3 

2217S.6 

27.2 

67.4 

2 

20970.0 

14,1 

00.9 

4 

22211.6 

39.3 

54 -T 

2 

21028.6 

16,2 

4481.9 

i 

22305.7 

33,5 

47 3 

' 1 

21058 7 


70.9 

2 

22360.6 

32,4 

4742.3 

4 

21080.9 

18.3 

66.5 

1 

22382.6 


39-3 

1 

21194.3 


.S 9-8 

2 

22416.3 

31,3 

29.7 

3 

2 ii 37 '-c 

17,2 

47.5 

3 

22478.8 

30,2 

22.8 

l 

2ij6S.o 



3 

22510,7 

32.3 

^ 7-3 

3 

21237.7 

18,2 

4434 7 

3 

22543. 1 


4699.3 

7 

21237.8 

20,3 

30.6 

2 

2 2564. u 

34,4 

85.8 

2 

21335*1 

19,2 

22.9 

4 

22603.3 

33,3 

64.2 

3 

21433-9 

20,2 

16.9 

2 

22634.0 


58.0 

I 

2^162.5 


12.2 

4 

22658.1 

32,2 

4651.0 

2 

21494.8 

■^ 2,3 

4407.6 

2 

22681.7 


37.6 

1 

2155^^.9 


4399-2 

3 

22725.0 


11. a 

3 

21680.3 

2 rl ,3 

95-6 

3 

22743.7 


04.9 

X 

21709,9 


91-7 

3 

22763.9 

36,4 

00.3 

4 

21731-6 

26.4 
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Vtbraiional Analysis and Inlcnsily Distribulion. 


The clearly, well separated, prominent band heads between A 6000 -A 5400 
marked on the reproduction (a) represent unambiguously a long progression, 
which Served as a starting point in the analysis. The order of AG(d) interval 
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ill this progression is 150 cni"^ At this stage a comparison is made of the 
ground slate frequencies of the halides of the elements in the same horizontal 
row oi: the periodic table as shown in Table 11 below. 


Tabi.k II 

Ground state frequencies. 



Hg. 

Tl. 

Pb. 

Bi. 

V 

490.8 

475.0 

506.9 

512.0 

Cl. 

^ 93-1 1 

287.5 

304.2 

308,4 

lU'. 

186.3 

193.1 

207.5 1 

409.5 

T. 

125.7 

121.0 

I 



It can be seen from the table that the value generally decrease thbiygh 
slightly, fr(jm Hg. to T1 but increase as we pass from Pb to Bi. The Clbse 
similarity of the co'\, values of the lead and bismuth halides in particular 
call be seen from the above table. In view of this, a value of (•»/' which is 
aproximalcly equal to that of Bil, a]>pcars highly probable for lead iodide. 
This suggested that the aliovc mentioned ])rogression is to be regarded QvS 
a progression. Since these bands are degraded towards the red, the 
few fainter components lying on the longer w’ave-lenglli side of some of 
them 'sre lo 1)0 regarded as sequence members. With the hefp of the few 
v'' progressions thus developed, the order of the relative values of and 

were ascertained. Tlie vibrational matrix, shown in Table III in which 
the intensities of bauds liavc only been represented, lias been built up to 
include most of the band beads in the spectrum. The classification of the 
bands is showm in the last column of Table I. 

IXach of the other halides of lead is known to give large system of 
bands in the visible region and this system of Pbl occuring in the same 
legion is to be regarded as a system resulting from a similar electronic 
transition. A comparison is therefore made of the ground and excited stale 
constants of these molecules as shown in Table IV. 

Tabic IV shows that v, for Pbl shifts to the red which is to be expected 
as the lead iodide is the heaviest molecule. Bands of Pbl in the reHiou 
around the system origin are comparitivcly less intense as in the other halides 
of lead. The other vibrational constants obtained for Pbl, arc seen to be 
entirely in keeping with those of the remaining halides of lead. 

Pnither confirmation of the analysis hy means of the isotojie effect has 
not been po.ssible since iodine has no isotopes. But lead, the other cons- 
tituent of the Pbl molecule, has got three isotopes of masses 206, 207, and 
208. ilie calculated separations of the fainter components 206 and 2o‘p 


Table III 

Intensity distribution in Pbl bands. 


Emission Spectrum of Lead Iodide 
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Bands too faint to be measared accnrately, 
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Table IV 


Vibrational constants of Pb halidc.s. 


Molecule 


1 *»'. 

1 

i 

i 



PbF 


1 

307 .fi 

r ^ ^ ” 

1 

1 T.77 

506.9 

2.20 

PbCl 

2t866.q 

228.6 

0,76 

504.2 

0.89 

PbBr 


^52.5 

o.^n 

207.5 

0 50 

Pbl« 

1 IQ509.6 

ng 5 

(1.25 

1 156.6 

0 


^ Values for Pbl shown in this table are those obtained in the present work. I 

for the most favourable bands on the loiifter wavelength side are of theWder 
of a few wavenumber units. Moreover, they occur on the red side oi the 
most abundant molecule Pb®^^ and since the bauds are red-degrajded, 

any possible observation of the isotope effect under the dispersion used in 
the present work can be ruled out. But for the bands on the more refrangible 
end of the spectrum the fainter isotopic heads should lie on the shorter 
wavelength side of the most abundant molecule. The theoretical separations 
for some suitable bauds being of the order of 4 wavenumber units, only 
diffuseness was observed which might be an unresolved isotope effect. 

The \ ibratioiial constants have been calculated from the uswal AG(v)^v 
graphs. The AG('ii) values are found to be regular for band heads for which 
measurements on different plates seldom differed by more than 2 or 3 wave* 
number units. Only these band head data were used in the evaluation of 
the vibrational constants. Diffuse and faint bands for which measurements 
differed by as much as 5 wavenumber units w'ere also classified though their 
values were not used in the calculations. The following quantum formula 
has been derived for the band heads. 

19509.6+ (ii9.5m/ — o.2Sm^‘^) — (156.61^'' — 

The intensities of the bands shown in vibratonal matrix are assigned 
visually on a 0-^5 scale. It is to be noticed that the condon curve is a 
wide open parabola which is analogous to that obtained in the case of the 
emission bands of PbCl analysed by Rochester. The curve obtained in the 
present case is what is to be expected for a band system with such relative 
o),> values. In fact, such a wide open parabola seems to be the general feature 
of most of the halide qiolecules. 

Elecironic Transiiion 

Each of the monohalides of tin is found to give doublet systems of 
bands with a lower state separation of 2360 ciTr^ found in SnCl (Jevons, 
1926). Since both tin and lead occur in the same subgroup in the periodic 
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table, the halides of lead inight be expected to have a lovyer state. Each of 

the other halides of lead give a large system of bands in absorption in the 
visible region and henc^ It is probable that is the ground state of these 
systems. In PbF, Rocl^eter (1938) analysed two systems designated by him as 
and involving a ground stale. He reported that the ground state has 
a width of 8270 crrji*^ the largest separation so far recorded. With this 
separation he calculated that the other component A 2 of the system designated 
by him as A i occurring in the visible region should lie in the region around \ 
7000. He also suggested that by analogy with the system found in the 

spectrum of SiiCl by Ferguson (1928), system A\ is to be regarded as the high 
frequency component of a transilion. In lead iodide then, the present 

system is analogoujs to system A | in PbF and has therefore to be regarded as 
the high frequency component of a transition. The other compotent 

may therefore expected at wave-lengths higher than A 7000, as Pbl is a 
heavier molecule than PbF, 
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ERRATA 


I. Part 3, Vol 23. 

In page iii, line 8, insert > Xgo, {b) and (c)” after (c) 


II2, 

,, 19 read 

'‘le.ss than” for greater 

112, 

)» 22 ,, 

“decreases” for increases 

112, 

M 25 ,, 

“A>'' for X 

n3. 

»> * >1 

“X„;’ for X,.„ 


(col. 9I 



last row. ,, 

“4'I7'’ for 474 


(col, 6.) 


n6, 

>> 32 n 

I<p for I 

117, 

t> »< 

X(p for X 


2. Part 4, Vol 23. 

In page 170, Table V, Remarks column, the numerical values of first 
quantum number in the brackets are to be increased by 2; c.g- {o.o'j, (2.0) 
etc. should be read as (2,0), etc, Re/. Asuudi (1940), Proc. Acad. Sc. 
A, 12 , 491. 



36 


THE NEAR ULTRA-VIOLET SPECTRA OF TOLUENE 
PART I. THE ABSORPTION BANDS WITH PARTI- 
CULAR REFERENCE TO I HE NEW BANDS OBSERVED. 

‘ By M. R. PADHYU 

(Received for publication, Nov. 5^ 

Plate XIV 

'ABSTRACT. The absorption spectrum of toluene has been studied between the 
temperatures o*’C and 250®C and different initial vnpuiir pressiires. It was only after 
the investigations were being undertaken that a paper by Ginsberg, Matsen and Robert- 
son appealed. These authors have recorded and analysed a large number of bands. In 
addition to these bands, about twenty new bands on the longer wavelength side are also 
recorded on our plates. These bands liavc been tal)iilated and analysed. The main 
results of t^e work are as follf)Ws : 

(]) The bands involve a combination of two or more quanta of vibrations in the 
ground state. 

(2) The intensity consideration leads to the classification of the band at 352O2 cm’* 
as due to the excitation of a single quantum of vibration with frequeiK'y ^2273, Thus a 
new vibration frequency is proposed, 

(3) Sonic bands are classified as due to the excitatitm of the non-totally symmetrical 
ireqnencies not included in the ana^vsis of the previous workers. 

(.-j) Incidentally a complete analysis of the already known absorption bauds is also 
given and the results are discussed. 

1 N T R O 1 ) U C T ION 

Tlie absorption spoctrum of toluene recordod by Savard (1929) was 
first suggestively analysed by Sponer (1942) who gave also a theoretical dis- 
cussion. The analysis comprises only a few bands. Soiuetiine after an ex- 
perimental investigation on these bauds was undertaken by us, a paper dealing 
with the same subject was published by Ginsberg, Matsen and Robertson 
(1946), They have recorded a large number of absorption bands of toluene, 
'f’hey also give a detailed analysis of the bands observed by them wJiich 
confirms the first suggestive analysis by Sponer. The wavelength data re- 
corded by them go up to 2760X. In our experiments we have obtained the 
data extended on the longer wavelength side up to 2891^ at higher tempera- 
tures thus recording 20 new bands. As they were thought likely to yield 
more informations regarding the vibrational levels in the ground state of the 
molecule, they are measured and reported here. The bands observed by 
Ginsberg and others are also recorded on our plates but they have not been 
measured. 

E X P R R T M K N T A b 

An all-quartz absorption cell of 10 cms. length was used. A few drops 
of' the liquid were -put 'in the cell which was then evacuated and sealed off. 
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For the clevelopineut of the bands on the longer wavelength side, the cell 
was sealed off when there was a small amount of liquid still left in it at room 
temperature It was not i>ossible to estimate the exact pressure of 

the vapour in the cell but no bauds on the longer wavelength side of the 
already known bands were recorded at room temperature. The cell was 
then enclosed in an electric furnace. When the temperature of the cell,; 
was ill the range of 9o"C- iso^C the band-system developed new bands to- 
wards the longer waves- At still higher temperatures, continuous absorp- 
tion sets ill. Toluene supplied by the Fine Chemicals Section of this 
University was used without further purification. A Hilger medium quartz 
spectrograph was the recording instrument and Eastman III-O and Kodak 
Special Rapid plates were employed. , 

The source of continuous radiation was a locally prepared jt type hyidrogen 
discharge tube run on a transformer delivering about 6,000 volts- \ 

Two suitable plates were measured on a Hilger comparator (least \count 
.0001 cm.), one of them twice, and the data presented in Table I are the 
mean of the three values thus obtained for each band. The intensity ' data 
are those visually estimated relatively on the basis of the 0,0 band at 37475*“ 
taken as 10. From the average difference in wavenumbers found in the 
three readings, it is estimated that the values of w'avenumbcrs recorded arc 
correct to within ± 3 . 

THEORY OF THE SPECTRUM 

Uue lo tlie substitution of CH3 in place of one of the H tiloins of benzene, 
the symmetry D^f, is reduced to Coi,. This group has three elements oi 
symmetry namely the two-fold axis and a plane of reflection perpendicular 
to the molecular plane. There can be only four different kinds of vibrations 
possible ; one, a-i, being totally symmetrical and the others /h and 
being non-totally symmetrical. All the vibrations are non-degenerate. The 
transition of benzene in this symmetry becomes Ai — B, and is 

allowed, as also the transitions involving a, vibrations which have the transi- 
tion moment lying in the idane of the ring in a direction perpendicular to 
the C-'CHa bond. The direct product Table shows that transitions in- 
volving hi and a2 types of vibrations are also allowed since the direct product 
transforms like a translation but the moments in_ this ca^se lie in the other 
two perpendicular directions and hence these transitions give rise to weak 
bands. The symmetry considerations show that the transitions involving 
single excitation of vibration should be forbidden since the transition 
integral is not invariant for any of the three moments. 

Since this point group has no degenerate vibrations, most of the degen- 
erate vibrations of benzene are split up into one totally symmetrical ai and 
one non-totally symmetrical vibrations. As in benzene, it can be expected 
that these large, number of vibrations will give rise to intense bands dne 

positions of bands are given in units of in this paper. 
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to x*o 01 0-i ti ansi lion and also the combinations of these vibrations. 

1 heor^tically wc can expect to find weaker bands due to non-lotally symme- 
trical vibratioxis of the type « 2 and bi. All interesting feature of this part 
of the spectrum is that iheie is comparatively a strong band corresponding 
to the frequency of 620.^' This vibration has been classified as the b, part 
of the split 606 Cff vilxration of benzene. In most of the niouo-substituled 
benzenes so far studied, this is the only non-totally symmetrical vibration 
which has been found to be prominently excited. The other totally symme- 
trical frequencies are superposed on this. This part of the spectrum is 
quite analogous to that of benzene and the intensity of this transition shows 
the extent to which the substitution has brought aliout perturbation in the 
six-fold syinmetry of the ring. This also shows that some of the charac- 
teristics of the benzene spectrum are still carried in the spectra of its mono- 
substitiients. 


REMARKS ON THU ANALYSIS OP THE 
A R S O R P T r O N T5 A N D SOP T () L U E N K 

Pitzer and Scott (1943) classified the fundamental frequencies of 
toluene, as obtained from investigations of infra-red and Raman spectra, 
according to the various symmetry classes appro] )riate to the structure of 
the iiiolecule and have compared the frequencies with corresponding ones 
of benzene. From the analysis of its absorption spectrum, Ginsberg cf at 
(1946) have proposed values for the frequencies in the excited state of the 
molecule. Tliey find that of tlie ground state frequencies, six ai vibrations 
are given bv the absorption si)ectruiii and in the excited state five of these 
are obtained. These five ground state vibrations which can also be 
recognised in the excited state with altered frequencies are 514, 785, 1003, 
T012 and 1212. The 1176 vibration does not .seem to have its excited 
frequency represented in the absorption spectrum. 

Among the non-totally symmetrical vibrations in the ground slate, a 
frequency of 620, classified as corresponding to et; 606 frequency of benzene, 
is found to be very prominent. Its value in the excited state as identified 
by Ginsberg is 528. Superimposed on the 0 — i and x — 0 transitions 
of this vibration appear the already mentioned totally symmetrical 
vibrations. The analysis of the absorption spectrum shows that some more 
non-totally symmetrical frequencies are also probably excited. Ginsberg 
found that the frequencies 845, 988 and 1062 bj were detectable in 
the spectrum* But since the bands involving these frequencies also afford 
a possible analy.sis in terms of totally symmetrical vihraiions, the latter 
classification is preferred by them. 

Ginsberg (1936) and others have classified some bands as due to intei com- 
bination of the^ frequencies. They also note that the strongei bands aie 

j Frequencies are given in enr^ units. 
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uccompanictl towards Lhc' longer wavulenglhs, by fairly intense bands at 
spaemgs of 59 ami 178. These are suggested to be due to difference 
frequencies. The high intensity of the bands involving these difference' 
frequencies probably indicates that the bands arise in low frequency 
vibration. Tliey have thus classified a large number of bands measured 
by them. Still some inten.se l)ands are left over and in an attenqit to 
classify them we find that some of them involve as high as four quanta of 
different vibi'ations. It is also possible to account for some more bands 
on the assumption that they involve other non-totally symmetric vibrations. 
Such new assignments for the recorded bands of Ginsberg are included 
in Table II. 

m 

The excitation of the totally symmetric jjart of the ej frequency 514 
whose value in the excited state falls to 456 shows some characteristic 
differences from other substituted benzene s)rectra (Sponer and Wollman, 
1941; and Wollman, 1946). In the case of halogen derivatives it is ^und 
that the 0 — 1 transition is very weak. But in the case of toluene as\ also 
aniline and phenol it is found that o — I and even 0 — 2 transitions are fiirly 
iutertse. Similarly the halogen derivatives the o— i transition correspon- 
ding to bi frequency 620 is weaker than 0-2 tiansition but in toluene 
reverse is true. Sponer (1941) has explained these characteristics of the 
halogen derivatives on theoretical grounds. 

N K VV HANDS AND T H K 1 R C D A S S 1 P' I C A T I O N 

# 

Twenty new bands have been measured on our spectrograms which 
were not recorded by Ginsberg ft <11(1946). 'J'he wavenumbers, intensity 
and the possible assignment is given in Tabic I. As the bauds can only be 
observed at higher temperatures, it is probable that the higher ground 
level frequencies may be involved in these bands. Analysis indeed 
shows that in some cases the ground level has to be loaded with four 
quanta of different vibration frequencies to account for the bauds. 

In the present experiuKiits the band at 35202 is the strongest in this 
part of the spectrum. It is possible to classify it as due to the excitation 
of 1062 bi together with 1212 ai vibration in the ground state. An alterna- 
tive classification can be, exciiation of two quanta of 620 6, with two quanta 
of 514 «i. Its high intens'ty is, however, incompatible with any of these 
classifications since both involve the excitation of ilon-totally symmetric 
frequencies hi which ought to be weak. In the second alternative two 
quanta of non-totally symmetrical vibrations are excited and ’the intensity 
of such a tiansitioB is expected to lie weak since the non-totally symmetrical 
vibrations have their minima one above the other. Hence we are inclined to 
regard the band as doe to a fundamental frequency of 2273 in the ground 
state. The band at 36160 and 36050 can then be classiffed as due to 
superposition of 032 and 964 Oi frequencies in (he excited stale over this 
transition. 
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Ihe bauds next in intensity are 35087 and 35604. The one at 35087 
involves an excitation ot 1176 and 1212 aj in the g^rouud state. There are 
also bands corresponding to further loading of 620 bj and 514 o-j on this 
tran.sition. The band at 35604 which is 1871 wavenumbers distant from 
the 0,0 band is also one which does not afford a convincing class ificationl 
It can be due to excitation of three quanta of 620 bi freejuency but intensity 
considerations do not support such a classification. The alternative is the 
excitation of 1178 ai and 121a «iin the ground state with 528 in the excited 
state. The discrepancy between the observed and calculated values' in 
this case is, however, large. 

The band at 35496 is in a similar category. It can be regarded as due 
to excitation of two quanta of 998 vibration but its fairly high intensity 
suggests the alternative classification of two quanta of 1212 a, in ground 
state with 456 in the excited state. Here also the numerical agreement is 
not satisfactory. , , 

In considering the intensity distribution in this part of the spectrum, 
it must be borne in mind that this part of the spectrum is developed only 
at higher temperatures. The intensity, therefore, corresponds to this 
temperature. 

There are also a number of bands due to combination of 514 Uj with 
620 bi frequencies and also with other totally symmetric vibrations. The 
complete analysis is shown in Table I. 

TABWi I 


New Hands in the Absorption Spectrum of Toluene 


^vttc cin“i 

Ini. 

Assignment 

I 

Alternative 


proposed 

assignments 

s 34574 


— Ii76“i2i2 — 514 


34658 

1 

— 1176 “JOI 2-620 


34764 

2 

— 1176 — 1012 — 514 


34876 

1.2 

— 2 X 12124-456—620 

-2 X 988-620 

34983 

3 

-2X I3IJ+456— 514 

-3x988-514 


5 

— 1176—1212 

^ -2X1176-7S5+751 

35202 

S 

-2273 

1 ^1062-1212 

— 2X620 — 2 X 514 

35*88 

A 

— 1176—1012 

35409 

2 

— 2X 1003 — 10124-964 

— 2 X 1030 

35496 

2.5 

— 2X 1212+456 

-2Xy88 

35604 

5 

— 1176-1212 + 528 

— 3 X62o 

35687 

0 

-1003-785 


35720 

i 

— 514 — 2 X 620 


35756 

1-5 

-1212-514 


35827 

t> 

-620-2X514 


35893 

0 

-1586 


36013 


— 1176— 1212 + 932 

i 

36050 

3 

— 1 176 — Tai2+c64 

! - I(»62- 1212+964 

j -2x620-2x5144-964 

36160 

3 

-2273+964 

36568 

0 1 

-785-2x59 

i 


3 J 6 
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Table II 


ExiciidL'd analysis of the Absorption Bands of Toluene 
^ Bands already analysed by Ginsberg 


i ' 

^vnv cm ^ 


Assi^qmeais 

*^vac onr' 

liU. 

Ai>sigiiments 

36268+ 

VVil^f r 

1212 

37329 

vw 

-620+528-59 

36301’^ 

fi 

‘*-1176, —1003-^178 

43 

vvw 

+932 — 1062 

36415* 

1 1 

-1003-59 

56+ 

it' , 

-2x59 


vvwBD 



w ) 

' , ' 

, 65*^ 

. — 10J2 

81+ 

> 

—620+528 


. 74 ^ 

n 

-1003 

84 

w V 

1 

95 

ji ‘ 

-988 

93 

VVW . 

+932-1012 1 

36517* 

21 

-785-178 

37418+ 

ms } 

-59 \ 




21 

ms ) 

\ 

71 


-785-2*59 


VV 7 U 

— 1003+964 \ 

^6631+ 

^ vvw 

-785-59 

66+ 

^ } 

\ 



-9 

76* 


- 620—178 

70 

S ) 


93'' 

- ^ w 

-785 

37477* 

X'VS ■) 

(o-b) 


. ^ ; 

37480 

5 ^ 

+538-514 

36739'^ 

vvw 

-1212 + 456 

VW 

95 

+528-2X178, 

35 


-620-2 >^59 




37649 

»* 

— 1189-1012 

63 

M 

—2 X 6204-528 

37706+ 

VV 7 (> 

—^20+964—2 * 59 

» 4 * 

vw 

-514-178 

60+ 

V 7 V 

+456-178 

96+ 

M 

-620-59 

85^ 

vvitfUD 

-620+952 

36857+ , 

w 

—620 


—620+964 




37823’^ 

w 

7 i 

vvwB 

-1062+456 

28'- 

IV } 

+520—178 

36903* 

vvw 

-514-59 

31 

7 V ) 


63* 

w' 

-514 


vvxvJiD 

— 2 * 1003— t * 1189 

37 i 2 ii 

' vvw 

— 2 X 178 

59 

vw 


51* 

1 » 

—456-785 

72 

V 7 V , , 

+456-59 

37191 

vvw 

+932-1212 

75 ^ 

II 

+1189-785 

37206 

M 

-620+528-178 

379^3 


— 620+2 X 528 

45 * 

V 7 V 

-178-59 

24 "- 

II 

-514+964 

37299! * 



3 ,V‘ 

■'* ! 

+.IS6 - ,■ 

ms 

— 178 

36'^ 

m ) 


37302 J 


* 




37304* 

VW 

-3X59 

48+ 

w \ 

+518-59 




53 

ni ) 


IS 

»f 

-620+456 

93 '^ 


+528-9 

25 


-1212+2x528 

98 

si 
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Tabjle II {contd.) 
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Int, 

38005^ 

vs] 

08 

vs 1 

10 

vs j 

80; 

vwBD 

36173'*’ 

vw 

3^212 

wD 

28“^ 

ni 1 

31 

m 3 

. 33 ''' 


59 ^ 

10 ) 

63 

w ) 

S2 

vw 

93 '*; 

•> 

38317'' 

vvw 

21 

if 

38342 

vwD 

51^ 

VI ) 


5 

82+ 

mBD 

91 * 

vw 

38402^ 

mBD 

09+ 

vs > 

ir 

vs J 

31^ 

mBD 

41" 


44 

m ) 

5 ^ 

vwBD 

86 

a 

38539* 

VVW 

47 '' 

vvioBD 

77 

n 

38601’*' 

wBD > 

JO 

wBDi 

66 ^ 


72 

ms 5 


Assignments 


0+52R 

+9ja-3;H 

+ 751-59 

+ 2X456— 17S 

+ 751 

+933-17S 

+(^64-178 

+528+456—178 

+932-2x59 

+3 ’‘456-3X178 

+964-2 X 59 

— 1003+2 X93a 
+ 032-59 

+964-59 

+2X456 

+932-9 

+932 

+964-9 

+964 

456+528 

+ 1289-178, 
+3X456-2 X 178 

+ 2X52S 
+ 1189-2X59 
+ 528 + 751 --178 
+ 1189-59 

+ 1189 


Tfio cin*^ 

Int. 

38738 

m' 

49 '' 

wBD 


m > 

59 

m 5 

94 

vw' 

38805 

vvwBD 

40 

VI 

38869+ 

VI ' 

St 

w 

38032 ’'' 

70 ' 

41 + 

s 

6o''' 

wBD 

72 ** 

s' 

84 + 

w 

39065 ■*' 

vvw 

99 

vw 

39124+ 

wBD 

44'' 

vw I 

47 

V 7 V } 

62'* 

VI 

39204* 

s 

39335* 

V 70 ' 

41+ 

m ) 

43 

ni > 

67+ 

inBD 

75* 

VI sD 1 

77 

70 5 

■ 91 

ivD 

39406+ 

Vl ' 

52 

vw 

39 S» 3 * 

vrvBD 


Assignments 


+751+528-9 

+751+528 

+964+528-178 

+456+032-59, 

+ 2x751-178, 

+3X456 

+456+932 
+ 932+528-59 
+932+528-9 
+932+528 
+964+528 — 9 

+964+528 

+751+932-178, 2X751 

+456+1189—59, 

+ 3 x 528 

+ 751+932-59, 

+456+1189 

+2x456+751, 

+456+528+751-59 

+751+932 

+ 1189+528 

+456+3X528-178, 

+456+932+528-59 

+2X932 

+932+964-9 

+932+964 

+456+528+932 

+2 X964 

964+1189-178 

+2X751+528, 

+456+3x528 
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Table II icontd,) 



* Till. 

Assiguitienls 

^vuc ciir^ . 

lilt. 

Assignuiewts / 

59543 

vw 

+932+1189-59 

39903'^ 

5' 

+932 + 964+5^8 

3g6o2‘^ 

tna* 

•1-932 + Ti8g 

3 o'‘- 

wD 

+2x964+528 

39636”* 

s' 

+964“!- 1189 

45 + 

viifUD 

+2x751+961, 

+751+1x89+528 

62 

vtu 

+751+964+528-59 

40135+ 

til* 

+932 + 1189+528 

I 

1 vwBD 

1 

+3 >‘ 7 Si -'59 

66'* 

w' 

+ i‘X 751 + 1189 


III' 

+ 751+932+52S 

^10306*^ 

wBD 

+2x932+964 



-l- 3 >« 7 .SJ. 

+528+751+964 


wD 

+ 2 X 1189+528 — 59 




37+ 

wBD 

+ 2X964+936 

83 1 

1 

V 7 LI 

+ 3X456+932 

49+ 

vvii'BD 

+ 751+932+1989 

3gSo()'‘’ 

w' 

+2X932+45*1 

Si+ 

It 

+2Xii89+52.> 

ii‘ I 

vivD 

+456+751 + 1180-59 

40555 

5' 


. 3 . s'*' 

w' 

+751 + 932+964 

65-' 

vw 

+ 932+964+1189 

53" 

7 U/> 

42x1189 

40.816 

VIU 

+ 2 XJ 189 + 964 

72" 

III/ 

+456+751 + 1189, 

+ 528 + 2X932 

1 

41030 

vvtv 

+ 3x1 189 
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THE NEAR ULTRA.VIOLET SPECTRA OF TOLUENE 
PART II. THE EMISSION BANDS 

By R. K. ASUNDI and M. R. PADHYE 

IReceited far l>ubUeaHon, Nov. S, ig48) 

Plate XV 

ABSTRACT An emission spectrum of toluene in the near ultraviolet is excited bv a 
transformer discharge through fl'wing vapour. This spectrtim, which was previously 
observed by Stewart et al in Tesla di.scharge and mentioned by Kistiakow'ky and co-workers 
in re.sonance fluorescence, has been considerablv extended and studied in greater detail. 
Most of the bands are those observed already in absorption but there are a few which have 
not been recorded in the absorption spectrum. A complete analysis of the emission bauds 
'vhich is in agreement with the one for absorption bands is proposed. The general appearance 
of bands and their intensities are compared \ ith those of the. corresponding emission bands 
of benzene. A fairly strong continuous emission band with a sharp short wavelength limit 
coinciding with the origin of the emission band system has also been recorded. 

INTRODUCTION 

The spectra of aromatic ntolecttles have attained significance in recent 
Years owing to the theoretical advances that have been successfully made 
in the iuterpretation of the spectra of benzene and some of its mono* 
derivatives. Recently we reported on the emission spectrum of benzene 
lAsundi and Padhye, 1945 and 1949)- this paper we communicate results 
on the emission .spectrum of one of its mono-derivatives— toluene whose 
absorption spectrum has been recently analysed (Ginsberg, Matsen and 
Robertson, 19+6) and also exteuded (Padhye, 1949) and whose Raman and 
mfra-red spectra (Pitzer and Scott, 1943) are fairly well understood. 

Stewart and collaborators (1930) were the first to excite the emission 
spectrum of toluene by the Tesla discharge through flowing vapour. They 
have observed about twenty-three bands, whose wavenumbers are recorded 
correct to four places only. It appears that they have observed also a fairly 
strong continuous background, Cuthbertson and Kistiakowsky (1936) have 
attempted to excite resonance fluorescence of toluene which even at o.oi mm. 
pressure emit spectra which, by using a spectrograph with a resolving power 
of better than 25000, appear nearly continuous. At ordinary pressures and 
with illumination by the 2536A line, toluene emits a strong fluorescence 
consisting of mainly a continuum with a few faint and indistinct bands which 
become even fainter upon lowering the pressure. They do not record any 
numerical data. 

■ The emission spectrum of toluene, which has been excited in the present 
investigation by high frequency as well as ordinary uncondensed fransformer 
2— i7iaP — 8 
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discharge in flowing vapour, shows that the bands of toluene are indeed super- 
posed by a continuous spectrum but the intensities of the two spectra being 
nearly of the same order with that of the continuum being uniformly slightly 
less than that of the bands, it h.as been possible to measure the heads of the 
emission bands. They are, however, not sharp like the benzene band heads 
but look rather diffused, probably on account of the continuum in which they 
are situated. 

E X r K R I M E N A Tw P R C E D IT R E AND R B S D L 'J' S 

The experimental methods both for h. f. discharge and trrnsformer 
discharge arc exactly similar to those employed in the case of benzene (Asundi 
and Padhye, 1945 and 1949). Since the spectrum was developed with grpater 
intensity in transformer discharge like in benzene, it was photographed iJnder 
this discharge only using both the medium Hilger and Ki Hilger quartz 
Littrow spe trographs described elsewhere. Iron and copper arc lines were 
used for standard wavelengths. Three plates, Kodak Special Rapid, tafeen 
on the El Littrow instrument were selected for measurement with a Hilger 
Comparator reading upto o.ooot mm. The bands were measured by focusing 
the cross wires on the visually estimated maximum intensity part near the 
lieadvS. The entire region, in which the bands lie, is occupied also by a 
continuum which is mentioned above. This circumstance renders the weaker 
bands liable to be less accurately measured than the stronger ones. The three 
values ineamred did not differ by more than 3 cm”’ and cm”’ for 
the stronger and weaker ones respectively. The intensities represent visual 
estimates taking the most intense band at 37474* to be 5. The toluene 
employed was the one suv)plied by the Fine Chemicals Section of this 
University (b-p.iio.8'^C). 

The bands extend from 2667A to 2900S and are in the body of a con- 
tinuum which also starts practically with its maxirimin intensity from 2667A 
and extends towards the longer waves. It appears to have a sharp short 
wavelength limit at 2667-^, Also in a few spectrograms there could be seen a 
slight trace of its extention with weak intensity falling towards the shorter 
waves upto about 2603X. No sharp limit has been observed on the lon^ wave 
side, although the intensity shows a drop at about 3S00X. The data ou the 
band heads reduced to wavenumbers in vacuo by the usc'bf Kayser’s Tabellen 
arc given in Table I, along with the possible corresponding bands recorded 
by vStewart (1930). It also contains the visually estimated intensity values 
and the assignments in terms of the analysis proposed. Corresponding 
values, wherever observed in the absorption spectrum, are also included. 
These prove that the emission bands are the counterparts of the known 
absorption bands. The bands are reproduced in Plate XV, 

UnlesvS otherwise slated, the position of the bands is always given in this paper in 
waventinibers per cm , 
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A. N A l, Y S 1 S 

It is Seen that the electronic transition resijousible for the ultraviolet 
bands of benzene is a forbidden one. Tlie symmetry character of this 
transition, is calculated on the assumption of a sijr-fold Dqu 

symmetry for benzene molecule. JVtono substitution by any atom or radical 
destroys this six-fold symmetry and reduces it to one of Cg, type to which 
therefore the toluene molecule belongs. This symmetry has one two-fold 
axis in the molecular plane and a plane of reflection perpendicular to it. 
Considerations of the energy states of the molecule closely follow that for 
benzene. As a mailer of fact, in calculating the benzene levels a mean 
value of resonance energy given by thermo-chemical data on benzene, 
toluene, ethyl benzene and propylbenzene have been utilised (Pauling and 
Sherman, 1933^ to evaluate the energy levels. TIjus not only are the 
characters of th|e electronic states of toluene similar to those of benzene but 
to a first approximation even the energy values are the same. This is corro- 
borated by the fact that the bands, those in the near ultraviolet, lie in 
nearly the same region of the spectrum. On these considcratioiivS, the lowest 
state of toluene, as in benzene, is one of total symmetry viz., Ai* corres- 
ponding to Alt, in benzene The excited stale of benzene is anti-symmetrical 
to the V wo-f old axis and to the plane of reflection wdiich in the case of 
is the Bi, Hence the transition now is the /Ji-Bi which is an allowed one 
with the transition moment lying in the jdane of tlie molecule in the :v 
direction, i-c., the direction perpendicular to the C-CHg bond. 

The absorption s])eclruiii of toluene ivS thus difl'erent from that of benzene 
in so far as the latter is due to a forbidden transition wdiile the former to an 
allowed one. This circumstance renders particularly the vibration structures 
in two cases to be very different. Thus the 0-0 band which is alxsent in 
the case of benzene at ordinary Temperatures should be present in the case 
of toluene with considerable intensity. The totally symmetrical Ui vibrations 
should be directly superposed over the o-o transitiou and should be very 
intense* 

The components of the electric moment in two other directions (other 
than those due to Cl) do not occur in this transition. But the product 
table shows that h, and a. vibrations, where superposed, should give rise to 
weak bands with transition moment in these two directions and that the 
vibration should not occur ui the spectrum. An important class of transi- 
tions amongst this type found in all mono-substituted benzenes is the one due 
to the lion-tolally symmetrical hi part of the split uj) 606 rj frequency which 
makes the benzene transition allowed. This non-lotally symmetrical vibration 
is found to be very prominent. Many of the previous investigators on the 
absorption spectrum of substituted benzenes have, after Sponer (1942), called 
the first part due to ai vibration the allowed part, and the latter coming 
in due to superposition of the non-totally symmetrical vibrations the forbidden 
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part. Thus the spectrum due to a molecule with Cgv symmetry should 
consist of these two parts. The third possible transition that can be allowed 
is the I - X transition of any vibration even including b^. The bands due 
to the I - 1 transition of non-totally symmetrical vibrations will be very weak 
and scarcely observable. 

As the symmetry table shows there can be only four types of vibrations 
possible in the C^v symmetry, viz., totally symmetrical and aa, bi and ba 
non*totalIy symmetrical, all non-degenerate. Hence the degenerate vibrations 
of benzene will split into two, most of them giving one totally symmetric 


TAm,ii 1 

Eniissiou Bands of Toluene 


Pem'^ 

\ vStewart) 

^viic 

(Aulliors) 

hit. 

Assignment 

Abvsor^tion 

banids 

Crinsbnr'g ei al 


37475 

5 

0,0 

37477 


.37452 

1 

04-1189 — 1212 



37416 

1.5 

0-59 

37418 


37379 

1 

0 4 - 528 — 620 

37381 


.17354 

0 

0-2x59 ^ 

37356 


37320 

1 

04-456—620 

37319 

3728 

37299 

2-5 

0-178 

37299 

3721 

37244 

2 

0-59-178 

3724.5 


37199 

1-5 

0—2x620-^964, 04-932—1212 

37191. 

37206 

3713 

37130 

i) I 

0-340 h)] I 0-2x178 ( ? ) 

37121 

3697 

36960 

- 

0-514 

36963 

3686 ’ 

36888 

.5 1 




36851 

3.5 

0—620 

36857 

3679 

36785 

2 

0-514-178 

36784 

3668 

36688 

4 

0-785 

36690 


366.57 


0 — 2 X 1003 4 " J 189 


3662 

36625 

-5 

0-785-59, 0-842 (a2) 

36631 


36529 

0 




36514 

0 

0—785—178 

36517 ' 


I 36494 

0 

0-985 ia^) 

36493 


** Tht* symmetries of vibrations other than ai are indicated in brackets. 
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plate XV 



- 2618 - 3 yA 

(Cu) 


-37475 

(0,0} 

2€67MA 


2«24'4A 


fCu) 
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3 # 


Tabi.E I {contd,) 


(Stewart) 

cm''^ 

(Authors) 

Tut 

Assigmnent 

Absorption 

bands 

Ginsbarg ct al 

3<'47 

3<^4'57 

2 

0 --TD03 

36465 

3641 

364 

^■) 

0-2x1003+964,0-985-59 



364 J 5 

1 > 

n — 1003 ^59,0 •'-T060 (bj) 

361 i.t; 


36403 

( * 

0-2X3003+932,0—1070 (b|) 



36307 

T 

0—1 176 

3631)1 


36393 

0 

0 — 1003 — 378 ^ 



36281 

U 



3623 

36263 

1 

0 -1212 

36268 


36205 

0 

0—1212 — 59 


359‘' 

3584a 

.3 

0 — 3012 — 620,0—1630 (b]) 


3583 

35733 

0 



3567 

35681 

1 

(» - 620 - 33 76 ,0 — 1003 — 7H5 

35687 

3548 

35469 

n 

(t — 2 X 1003 



354*1 

! 0 

1 

I 


35*8 

35296 

0 

0 — 1003 — 1176 

35288 

3507 

35068 

0 

1 0 — 2X620—1176 


3486 

34842 

1 A 

i 0 — 2X3003— 620 


3465 

34680 

i ^ 

0 — 2 X 3003-785 


34*5 

34265 

1 

1 




34202 

i 

1 




and one non-totally symmetric vibrations. Further calculations show that 
toluene should have 14 of ax type ; 4 of Oa, 13 of bu and 8 of type vibrations. 
In the table given by Pitzer and Scott (1943), one aa vibration has been 
listed in bj making the former 3 and latter 13. Table 11 gives a list of the 
totally symmetric vibrations as given by these authors. These are all Raman 
lines active and polarised. 

The above mentioned theoretical considerations are well borne out in 
the analysis of the absorption spectrum of toluene- Some strong absorption 
bands were analysed by Sponer (1942) identifying some totally symmetric 
vibration frequencies in the upper state- The symmetry proposed was C» . 
But later analysis of the absorption spectrum and theoretical considerations 
proVa that tfaa syriirnetry should be the same as other itlono*'Sttbst!titted 
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Table IL i.. 

Totally symmetrical aj vibrations of Toluene 


Raman spectrum 

Alisorptteh spectrum 

, Normal state 

Kxciled state 

100? 


i 

932 



456 

I inr> 

T'!I2 

I iSg 

1603 

i 

1 

] 175 

1176 



7S5 

7«.S 

756 \ 

J030 

T012 

. 064 \ 



\ 

13H0 



2050 




N . 15. Vibrations in this Table as ill the re.st of the paper are given in Ivaveunrnbers 
per cm. j 


benzenes, namely, C'a,.. The absorption spectrum of toluene has' been inves- 
tigated by Ginsberg, Matscn and Robeitson (1946). They have analysed 
the bands as due to superposition of a, vibrations on the 0-0 transition and 
also the transition of these vibrations. Some bands are also analysed 

as due to superposition of the totally symmetrical vibrations on the non- 
totally symmetrical part corresponding to the e* frequency of benzene. A 
more detailed analysis shows that other characteristics of the transition in 
question are also satisfied- An extension of the absorption bands towards 
longer waves, described elsew here, gives further evidence in support of these 
considerations. 

In the case of emission, the most characteristic features have already been 
pul down. The continuum spreads over the whole of the region Starting 
with 0-0 band. The first and the strongest band at 37475 is the 0 — 0 
band. A number of totally symmetric a, vibrations are superposed over this 
transition, the strongest being the 785 at 36688. The other vibrations 
observed are 514, 1176,, r 003 and 1 2ia. The corre.spouding bands are quite 
intense. The fiequency of the a, vibration, classified by Pitzer and Scott 
as 1030, has been found to be 1 01 a in the absorption by Ginsberg, Matsen, 
and Robertson (1946). In the present experiments also a band corresponding, 
to 1030, could not be found and it is likely that . the band at 36467 whose 
distance from the 0-0 band is 1008 is due to the blending of two bands due 
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to 1003 and 1012. The frequency 1003 is Also excited by 2 quanta and band 
at 3546$ is classified as such. There are. also some differences in other 
frequencies considered e.g., the frequency tabulated by Pitzer and Scott as 
S2I is found to be 514 both in absoriJtion and emission. These frequencies 
are tabulated in Table II together with the excited state frequencies found 
in absorption spectrum . 

The other part which is called the forbidden part of the spectrum is also 
developed in emission- The band at 36851 is analysed as 0-620 where 620 
i.s the non-totally symmetrical 6, part of the ci freciucncy 606. The intensity 
of this band is rather large for the non-totally symmetrical vibration. It 
appears therefore to indicate the importance of the mechanism which makes 
the spectrum of benzene allowed, and hence the weakness of the substituent 
in destroying the six-fold symmetry of benzene. There are some totally 
symmetrical vibrations superposed over this transition. There are also bands 
which can be classified as possibly due to the excitation of b, vibratimis or 
Uj vibrations but there are in most cases other alternatives also possible for 
them and it is not possible to make a conclusive choice. 

The emission spectrum differs rather widely, as it should, from the absorp- 
tion spectrum even in appearance. The absorption spectrum has a number 
of bands lying to the short wavelength side of the 0 - 0 band, whereas in 
emission there are none But on the longer wavelength side of the 0-0 band 
both in emission and absorption there are about iS bands in common which 
are similarly classified. These are all due to excitation of the totally symmetric 
ground state frequencies and those due to the further superposition of difference 
frequencies of 59 and 178 on them. The analysis of the absorption spectrum 
also gives 59 and 178 as difference frequencies involved in the spectrum. Ihe 
same frequencies are also found in emission associated with the transitions 
involving a, vibrations. These low frequencies must be due to i-r transi- 
tion of a frequency which is quite low as the intensity of the band suggests. 
In benzene such a difference frequency of 160, which was due to the ground 
state et 404 frequency, dropping to 240 in the upper state. The Cu frequency 
xs split into 405 <1 and 467 ha in the present case. The assignment to either 
is not possible since an is not excited in the ground state or in the excited state 
in either spectrum and the other single quantum excitation is not allowed. 

It will be interesting to compare the spectrum with the emission spectrum 
of benzene. The transition involved in the case of benzene is a forbidden 
one. The spectrum of benzene even then shows, a large number of bands 
which are quite intense and quite sharp involving a number of vibrations in 
keeping with the selection rules for the forbidden transition. But the 
transition in toluene is an allowed one. One would expect a spectrum 
consisting of a large number of bands involving the totally symmetrical 
frequencies which in number are many more than in benzene. It would have 
also been expected that the spectrum should be more irrtense than the benzene 
spectrumi These condition? are partly fulfilled in the case ofabsbfpdion 
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spectrum but iu emmon the experimental facts are quite the opposite, r In 
all there are very few bands and these have no sharp heads. ' The total 
intensity of the spectrum as a whole including the continuum is also less than 
in benzene as far as could be judged. This can be understood on the 
following considerations. ' 

A comparative study of the total intensity of absorption due to different 
substituents has been done by Sklar (1939) and Mulliken (1939). Sklar has 
treated toluene as one substitution. Theoretically it is found that large 
intensification is closely associated with large directing power which in its 
turn is associated with the induction effect or migration effect between the 
ring and the substitnent. The induction effect has very small influence and 
much less when the substituents arc not of a polar character. The migration 
effect is attributed to the non-bonding type of the electrons of the 
substituent. Thus large intensification ought to be expected in those cases 
where the substituent has low ionisation potential, a pair of unbound />e 
electrons and small ting-radical distance. Since these are not favourable in 
the case of the CH3 radicle, the intensification expected was small and actually 
the absorption spectrum of toluene is found to be only twice as intense as 
benzene. If the same considerations hold in the case of emission and if these 
are the only corresponding emission spectra, then the intensity of emission, 
which ought to have been larger in toluene than in benzene, is actually 
smaller. Probably an exjjlanation of this anomally is to be sought in the 
Oature of the excited states in the two molecules. * 
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EVALUATION OF , SPECTROGRAMS OF HIGH SPEED 
STEELS FOR MINOR ELEMENTS. PLATE 
CALIBRATION METHOD 

By B. N. BHADURI 

(Received for ptiblic^lion, Jviie j6, ig^g) 

ABSTRACT. Minor element^', occurring in high speed steels do not exceed a of 

two per cent. Snch .steel.s of our Works nianufacture designated as T.H. 8.2 are of the 
conventional type 18-4-1. The tiinc-scalc method of plate calibration due to Smith 
has been adopted and applied to the ferrous analysi.s of the above samples ; the spectra 
evaluated and compared with the u.sua1 method of log ratio of galvanometer defleclion.s 
against composition. The element.s receiving attention were niaugane.se, silicon and 
vanadium. Conventional spark technique for exciting spectra was used. The standard 
deviations of results which have been computed, do not exceed 2 to 3 per cent of contents. 

INTRODUCTION 

The method of plate calibration for the evaluation of spectrograms can 
best be carried out in case of alloying elements occurring in small percentages. 
A method given by Smith (1945) of the British non-ferrous metals 
Research Association has been used in the analyses of non-ferrous alloys. 
The method is being adopted and applied to the analysis of ferrous samples 
such as high speed steels. The elen ents considered are manganese, silicon 
and vanadium, the total contents of which do not exceed two per cent in the 
given alloys. 

The basis of method of plate calibration arises out of known relative 
intensities of manganese triplets 2949.2, 2939.3 and 2933.1. These values 
were derived from a consideration of " statistical weights ” and given by 
D, M. Smith as 7:5:3. The ratios are independent of the source of 
excitation. 

As applied to ferrous analysis, it was, however, not possible to include 
Mn ,2949.2 owing to its own interference with an iron line having the same 
length (Fe 11 2949.205). In what follows, therefore, two lines, Mn 2939.3 
and Mn 2933.1 formed the calibration pair. 

P R O C E vS S 

Technique : The apparatus used in exciting the spectra and in tlie 
photometric work and the processing of plates is described underneath ■ 

Volts — 230 A. C. 

Condenser — o.oosmF- - 

’ 15,000 V spark 

' 22,000 V wave peak. 

3— i7taP— 8 
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Transformer 

1/4 KVA tapping from 15,000 V 

Added inductance 

Nil 

Spark gap 

2 mm. 

Electrodes 

Samples, chill-cast, flat surface. 

Counter electrode 

H. S. brand carbon also flat surface, 

Pre-sparking 

3 mins. 

Spectrograph 

E 478 Littrow 

Sp. phic slit 

7 divs (=0.0175 mm) 

Photometer slit 

8 divs (=0.016 mm) 


The apparatus are all of Hilger’s specification and of Hilger manufacture. 
Photographic plates •— Ilford Process 
Developer — ID 13 No. i and 2 in equal proportions. 

Development — 4 mins. 

Flat surface technique of spark excitation with a condensed spark of roljtine 
type was used. 

Reproducibility : In order to test the reproducibility of spectral 

intensities a continuous spark of 25 secs, duration on a chosen sample against 
carbon was given with spectra distributed throughout the plate. The data 
are given in Table I. 

Table I 



a 

Density 

D 3939 

1 

67 

0.80 

2 

69-5 

0.78 

3 

66 

o.ki 

'1 

65-5 

0.81 

5 

70 

0.78 

6 

6q 

0.78 

7 

66 

n.8i) 

8 

63 

0.82 

9 

63 

0.82 

in 

66.5 

o.8n 

U 

65 

0.81 

12 

s 8-5 

0,86 


62.5 

0.83 


62.5 

0.83 


62 

0.83 

16 

5S 

0,86 

T 7 

62 

0.83 

18 

63 

0.82 


D-Av 

d) 


a 

^.2 
fO J 

0 

N 35 

Jl 

Density 

D 2933' 

D-Av 

(d) 


— o.ol 


120 

0-54 

0.00 


--0.03 


127-5 

0.52 

-"0.02 


-O.OI 


I 2 X 

0..54 

0,00 


(^.00 


120 

0.54 

0.00 


—0.03 

^d'^~ .Glut) 

126 

0.52 

— 0.02 

5 d*=:.(X )47 

—0.03 

Std. 

I 25 -.S 

0.5? 

-0,02 

.^Ul. 


(leviatinn 




deviation 



T2() 

‘ 0.54 

O.Ot) 







■ jW' 

O.OT 


D 7-5 

0.55 

0.0: 

-Vir; 

o.ni 

= 0.023 

117 

0.55 

o.oi 

«o,oi 6 ''' 

“O.OI 

in % 


0.52 

-0.02 

in % 

0.00 


119.5 

0.55 

0.01 

3 % 

0.05 


1^3 

0-57 

0.03 • 


0.02 


117-5 

0.55 

o.or 


« D .02 


116,5 

0.56 

0.02 


0.02 


117 

0.55 

0.01 


0.05 


113.5 

0-57 

0.03 


0.02 


H6.5 

0.56 

0,02 


O.OI 


122 

0,54 

0.00 



Mean o,8i 


Mean 0.54 

Clear plate A.v, 420 tnm, 
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1 be deft^tioQs are the tneao of two readings obtained by uieasurlug the 
line each way as the plate is moved from one side to the other. The standard 
deviations of densities as obtained was 3.8% for Mn 3939.1 and 3% for Mn 
2933 - 1 * 

EXPERIMENT M. 

A series of three plates A. B and C was used for making the blackening 
curves. As the distribution of spectra over the plate was of some consequence 
in sampling, spectra were distributed evenly and were noted . The sequence 
is shown in Table II 

'rAiH.K II 


Distribution of spectra 


Plate 

Alloy used 

Exposure 

Time of exposure 

1 

! 

i 

1-3 

Sec, 10 


! 

.1.6 

15 



7-9 

,, 20 

A. ! 

(13> 

to-i?. 

30 



KVI5 

45 



l6'lrS 

,, 60 

1 

i 

1 


., 90 



1-4 

>1 10 



5-8 

M 15 

. 


9-12 

„ 20 

B& C. 

(13) 

43-16 

0 25 



17*20 

M 30 



21-2.1 

.1 45 



25-28 

„ 60 



l-IO 

M 23 



20-29 

J, »» 

D. 

(13) 

JT-13 

„ 10 




,, 20 



17.19 

n 30 


I13) 

1,2,12,13,23,2.1 

,, 10 



3,4,14,15.25,26 

M 20 



5, 6 , 16,1-?, 27, j8 

M 30 

E. 

(3) 

7,18 

n 25 


' 4 ) 

R.icj 

It II 


(7) 

9,20 

11 »i 


<30) 

10,21 

II 1) 


< 4 s ) 

1 

11,22 

If 11 


t6) 


if 25 



13-16 

II I » 



25-28 

II II 


(13) 

5,22 

,1 10 



6/23 

„ 20 

F. 



I. 30 


(3) 

8,17 

II 25 


(4) 

9,iS 

n >> 


(7) 

10,19 

1 1 n 


(30) 

11,20 

11 1 * 


(42) 

12,21 

II M 


The table shows the distribution for all the plates used in the experiment, 
^he spectra are numbered serially from top to bottom. 
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Spectra with exposure time of lo,' 15 etc. to 60' secs, were photographed. 
The spark used was continuous with pre sparking as described. The number, 
of spectra of each duration in case of a plate is given in Table If. All such 
results are included in the table. , • 

BI.ACKENINO CURVES ,, 

Blackening curves were drawn from data given in Table III, where mean 
values of densities and deflections for manganese lines from the three plates 
A, B and C are given, the density (Sug. Def. Glas., 1946) being defined as 

D=log do/d 

where do is the deflection obtained from clear plate, i.e., base plus unej^osed 
processed emulsion and d, deflection due to the line. Such blackening curves 
are shown plotted in Fig. i. The plot is of densities against log ti\ne of 



hog.time of exposure ■ 

Fig. 1 ~ 

Blackening curves 

exposure. The separation of curves along axes parallel to abscissa are 
measured giving Ae ftdg exiiosure time ratio) for different values of densi- 
ties.. This is shown in Table llj. The mean of log exposure time ratio 
(At) thus measured gives, attributing a .value 100 to thp photographic 
intensity of Mn 2939, a value equal to 60.3 for Mn '2933 : Baly's value on 
a consideration of statistical" weights being ' 60T1'. No corrjectioa ,for baicK- 
g round was made but the agreement afforded was excellent*, . , i 
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TABtK III 




.1 


1 




■-P— 1,1 

Time nl 

1 i"- lOO 

(Mn 3939) 

1=60.3 
(Mn 2933) 

:ll 

< 

cu 

Cv 

0 

iS 

exposure 

Deflection 

Density 

Deflection 

1 

L 


Dh 


1 Densitv 





- — -- ■ 


- - ... 

- .. 

[ 

0-5 



2.2s 


A 153 

I'-W 

23 ‘^ 

0.23 

0*6 

2. 40 


2.20 


B I.S 2.5 

0.44 

237 

0.25 





jt/' 

C X44.4 

0.44 

222 

0*26 

0.7 

2.25 

7.40 

2.2*5 


Mean 150 

0.44 

232-3 

0.25 



lyogtt 




0.8 

2.20 

2 -.35 

2,20 


3.00 


2.78 







, __ 


0.9 

2. 10 

j 2.35 

2.20 


A 89 

1 

0.6s 


0*/J,0 

I.o 

2. JO 

! 2.30 

2-20 


B 79-5 

<x.63 

^77 

‘■»‘37 



1 


* 5 " 

C 90.9 

U.64 

^57 

0.40 

X.l 


1 — 

3 -X 3 

Mean 86.^6 

0.64 

164., ^ 

0.39 

1.2 

2.18 

- 



Log Jf 

3 ■17*’ 


2.96 



1 




- 

" ■ ( 



- . — 

U.22 

i 0.24 

0.22 


A 62.7 

0.80 

116*2 

‘»‘54 

Mean A« 

0.22 


B 73.4 

0.76 

137 

0.48 

Anti log 

0,78 

:icj" 

C 67.0 

^>’75 

122 

0.51 






Mean 67.3 

0.77 

I 25 -J 

0.51 

Photographic Intensity 


hogU 

3 ' 30 ’' 


3.081 


Mn 2229 joo 

. . 

— 

— - . 

— . 




Mn 2933 60.3 

- 





Data according to Baly 


B 51.2 

0.92 

104.2 

U.61 


Mn 2939 xoo 

s.s'" 

C44.2 

0.95 

86 

0.65 


Mn 2933 60.1 


Mean 47.7 

0.94 

<) 4.6 

0.63 






Log It 

3-398 


3-178 






A 36 

1 .04 

73 

0.74 






B 3 S -5 

T.07 

74.5 

0-75 






C 34 .* 

1.07 ' 

66 

0.78 






Mean 35.2 

T.06 

71.2 

0.76 






Log It 

3-477 


3-257 


*- 




A 19 

i.32 

39 

l.Ol 






B 24 

1.25 

51 

0,91 






C22 

i.a6 

42.4 

0.97 





Mean 21.7 

i.a8 

44 ’^ 

0.96 






Logit 

3-653 


3-433 






A 12.5 

1.50 

78 

x-LS 






B 18.2 

1,36 

41.2 

J.OI 





60" 

C i6,(. 

^•39 

32-5 

T.09 






Mean 15.6 

1.42 

33-9 

1.08 






hog It 

3.773 


3-558 






Clear plate Av. 406 mm. 
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In all subsequent experiments a calibration pattern as described above 
was included in the plate. Blackening curves were drawn in each case. Data 
for D, K and F plates are given in Table IV-Vl. 


Table IV 


Time of 
catposnre 

1 

Mn 2930 

1 

Mn 2 

933 

Density 

Plate D 

Deflection 

Density 

Deflection 

Density 

to" 

128 

U.43 

193 

n.24 

0-5 

2. 20 


124 

0.44 

192 

0.2s 


( 


114 

0.47 

186.5 

0.26 

0.6 

1 2.45 

Mean 

123 

0.44 

190.5 

0.25 ^ 

0.7 

\ 2.70 


53 

0 54 

98.5 

0.54 


' \ 


53 

0*53 

99 5 

0.53 

Mean 

\ 2.45 


‘ 54 

0.52 

. t02 

n-SJ 

A* ^ 

'p. 24 S 






Antilog 

0-755 

Mean 

53-3 


100 

0.53 








Photographic In- 

30" 

32 

1.03 

^ 4*5 

0 72 

tensity 


36 

0.97 

72 

0.67 i 




34-5 

a.99 

70 

0.68 

1 Mn 2939 

100 






! Mna 933 

56-9 

Mean 

1 34-3 

1. 00 

68.8 

0.69 

1 

1 



Clear plate Av. 338 tnin 


Tabi,ij V 


Time oJt 

Mn 2939 

Mu 2933 







Density 

Plate R 

exposure 






Deflection 

Density 

Deflection 

Density 



to"" 

177*5 

0*35 

, — . 

251 

6.20 

0.4 

2,55 


183.0 

n.34 

261.5 

0.19 


171.5 

0-37 

25^-5 

0.20 

0.5 

2.3a 

Mean 

177.3 

‘’•35 

255.0 

< 1-^0 

0.6 

a. 15 

20" 

117.5 

0.53 

190 

0.32 

07 

2.20 


91.5 

0.64 

1597 

0.40 

Mean 

a. 28 

Mean 

8i.2 

0.69 

149 

0.43 

Ae 

0.228 

96.7 

• 

0 62 

166.2 j 

0.38 

Ahtilog 

0.772 

30" 

57*7 

o .«4 

110.2 

0.56 

Photographic lii** 


59-0 

0.83 

H2.7 

0.55 

tensity 



52.5 

0.88 : 

103.2 

0.59 


Mean 


0.85 



Mu 2939 

100 

S ^>*4 

1 

108.7 

0.57 

Mn 2933 



CleAr plate Av.^ .^oo miti. 
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Ta5i,b VI 



1 

Mti 29, 3q j 

Mn 3939 



Titne of 
Exposure 

’©pflecHou 

Density | 

Deflection 

Density 

Density 

1 ' 

Plate P. 


(IVfeau) 

! 

(Mean) 

i 



coo 

1 

1 

i 172.8 

Si. 7 

! 4 « 

1 

'1 


0.36 

0.69 

0.92 

258.7 

152.7 

100,2 

1 

1 

i 

0.44 

0.42 

0.60 

1 

0.4 

‘-^-5 

0.6 

0.7 

0.8 

2.40 

2.13 

2.00 

2,00 

..^03 







Mean 

Antilog 

2.11 

0.211 

0.789 







Photographic In- 
ten.sity 



1 


1 

j 

Mn 2939 
Mil 2933 

100 

61.5 


Clear plate Av. mm. 


Giving the photographic intensity a value too for Mn 2939, the values 
were 56.9, 59.2 and 61.5 respectively for Mn 2933 for plates D, E and F. 

Having constructed the blackening curves for plates A, B and C (Fig. 1) 
and obtained the mean A<-;, a second plot was made with log 1 i as one axis 
and deflection the other. This shows little scatter. The data are taken out 
of Table III. The calibration curve so obtained is shown in Fig. 2. 



Fig. a 

Calibration carve 
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We now come to a stage of drawing intensity-calibration curves. 4 s 
in all cases of high speed steel analysis exposures having been standardised 
at a fixed value of 25 secs., a parameter log las derived from log /t-log 25 
was used instead of log It in plotting intensity-calibration curves. Such a 
curve is shown plotted in Fig. 3, for plate D. The data are from Table VJf. . 



Fig. 3 

Intensity calibration curve 


Table VII 


Time of exposure 


Mn 

2939 

Mn 2933 

Deflections 


Log /jB 
(log n-iog 25) 

Deflections 

^ I'Og J 26 

(log 7 Mog 35) 


Plate n. 10" 

^23 


1.602. 

190.5 1 

i «357 


53 -3 


1*903 

I 100 

1.658 


34.2 

- 

2.079 

68.R 

1.834 

Clear plaie Av. 338 mm. 

Mate It, 10" 

177.3 


1 

1.602 

i ' 

J -374 


q6.7 


1.903 

166.2 

1 .675 


S6.<i 


2.079 

! 108.7 

1 ' ' 

1.851 


♦ 

Cleat plate Av. 400 mm. 


Plate F. 10" 

172.8 

81.7 


1.602 

*58-7 

I-39I 

20" 


j* 9 oa 

^ 52 - 7 

1.692 

30 *' 

48.0 


2.079 

100.2 

1.868 


Clear plate Av. 400 nim* 
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Verificaiion of results . — 

Suggestion arising out of Smith’s paper for verifica^tion of variation 
AVith time of the intensity of emission was tried. No systejuatic variation 
was evident and no generalisation was poissible as with Smiths. The result 
for plate D is tabulated in Table VIII. 

Tabw VIII 
Plate D 



Mn 2930 

Mn 2933 


Mn 

2939 

Mn 2 

933 

Kxp- No, 



_ 



Exp. No. 






log 


>''>g % 

hh 

log hs 

^35 

l"g hh 


I 

1 93 

85.1 

1.68 

47-9 

20 

2.00 

lOU,0 

1-73 

S3 -7 

a 

1.90 

79.4 

1.63 

42.7 

21 

1.98 

9.S-5 

1.72 

5- -5 

3 

i.Q? 

83.2 

1 .66 

45.7 

22 

1.99 

97^1 

J.72 

5 ' 2-5 

4 

1.99 

97-7 

1.72 

52.5 

23 

T.98 

95 5 

1.72 

52.5 


1.96 

91.2 

1.71 

51-3 

24 

2.02 

104.7 

1.74 


6 

2.01 

102.3 

1-75 ; 

5^*2 

25 

1.98 

95-5 

1.70 

50.1 


1.Q9 

I 07-7 

I.7J 

i 51.3 

26 

i'93 


1.6.5 

44-7 

0 

8 

1-99 

97 7 

1.71 

1 ,5^-3 

27 

1 -93 

8S-i 

1,65 

42.7 

9 

r.g6 

1 91.2 

1.70 

50,1 

28 

1.94 

87.1 

1.66 

45-7 


' T .98 

i 95-5 

! 

1.71 

51-3 

1 

i.Q3 

85.] 

1. 64 

43-7 


Av. on ioo% baf5is. 

I no ;53.6 

111 a followini; table is shown the results of chemical analysis and the 
uses to which the alloys are put. TTseful line pairs (Harrison, 1939) for 
purposes of calibration and for analysis and internal standards are shown in 
Tables IX and X. 


Tabi^k IX 

Chemical analysis 


Sample Ko. 

Use 

i 

Mn 

Si 

V 

Cr 

w 

(3) . 

1 

Standard 

0.23 

0.17 

1*17 

4.27 

18.64 

u» 

Standard ... — 

0.20 

0.23 

t.22 


18.84 

(6) 

Test alloy 

0 . 3 J 

0.16 

J.22 

4.35 

icj.os 

(7) 

Standard 

1 0.20 

O.T4 

1.26 

! 4-40 

m-Ss 

(13I 

Calibration ... 

0,24 

0.20 

1.44 

' ' 4-70 

40.79 

(So) 

Standard 

0.30. 

0.16 

T -33 

i 4 -S 7 

17.^8 

(4?) , 

Standard 

9 - 2 ^ 

0.23 

1,40 

1 3 > 6 o, 

19-39 


4~I7I3P— { 
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Tabu X 

Line pairs 


Calibration Mii 2939.30 Mn 3933.06 


Analysis 

Mn 

2033.06 


Si I 

3881 58 


vir 

3063.70 

Internal Standard 

Fcl 

3936.90 


Fe 11 

3885.93 


Fell 

3062.23 


Calibration curves.— ^ 1 

Two series of plates K and F are taken to include calibration patterns 
distributed evenly over the plate as also exposures from standards. Plaie E 
includes exposures from a test alloy. Results from plates E and P are shown 
in Tables XI and XII. The results include the usual lop R, ratio. \ 


Tabi.e XI 
Plate E 

Mn Chart 


Sample 

No, 

Mn 2933 
defec* 
tion 

Fe 2937 
Deflec- 
tion 

Mn 

R- 

log R 

*'’8 'Mn 

loglpe 

iog ratio 
• of 

Ints. (+) 

(3) 

”57 

395 

2.02 

0.465 

1.81 

2.15 

n .34 

(4) 

115.0 

3^-0 

3-19 

0.504 

1 82 

2.18 

* i'». 3 ^ 

1 

(7) 

115.0 

35 5 

3.J4 

O.5JI 

1.82 

2.18 

1 

(.30) 

So,o 

37 .^' 

2.16 

»-335 

i.g6 

^ 17 

0..21 

143' 

83.0 

377 

2.20 

0.342 

i.95 

2.16 

0.21 


V Chari 


Sample 

No 

V3063 j 
Deflec- 1 
tion 

1 

Fe 3062 { 

1 Deflec- 1 
1 tion 

>l£ 

ll 

j 

logR 


198 ^Fc 

log ratio 
of 

Ints, (+) 

(3) 

66.7 

35 .S 

j 88 

0 27 

2 03 

2.18 

0 i.S 

(4) 

49.3 

39 - f 

1.66 

0.22 

2.1] 

3.21 1 

O.IO 

(7) 

42.7 

37.7 

I 54 

0 t8 

a.14 

2.22 

0.08 

(30) 

48.7 

28 2 

1.73 

0.24 

2 . II 

2.21 

o.ro 

(43) 

43.5 

«9 

1.46 

o.x6 

2.14 

2,21 1 

0 

6 
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Si Chart 


Tahle Xl (coniii.) 


Sample 

No. 

Si 3881 
Deflec- 
tion 

Ve 2886 
Deflec- 
tion 

K=a ®' 

Fe 

logK 

lug 


log ratio 
of 

inlensities (+) 

< 3 ) 

187 

150 

1.25 

t>.t)g7 

1.56 

1.68 

0.12 

( 4 ) 

158.5 

<35 5 

I.IQ 

'*’075 

1 

1.65 

1*74 

O.OQ 

( 7 ) 

163.3 

132.5 

1.22 

0.086 

1.64 

175 

o.n 

<301 

142.7 

* 3*-5 

1,04 

0.0T7 

I. 71 


0.02 

(4a) 

i 3>5 

>33.7 

o.gS 

O.ol 

1-75 

J.74 

-0.01 


Table XII 
Plate F 

Mn Chart 


Sample 

No. 

Mn 2933 
Deflec- 
lion 

Fe 2937 
Deflec- 
tion 

p_.Mn 

1 

I 

log K 

'‘'8 'Mn 

\oe 

log ratio 
of 

intensitie.s ( 4 -) 

(.S) 

J09.2 

42.5 ' 

2.57 

0.41 

T.82 

2 TI 

0.2Q 

(4) 

112.5 

36.75 

3.07 

0.49 

1,80 

2.14 

0.34 

(7) 

123-2 

41 5 

2 97 

0.47 

^•77 

2 II 

0.34 

(30) 

857 

46 2 

185 

0 27 

1,91 

2 OQ 

0 18 

(42) 

79-2 

42-5 

1.86 

0.27 

1 1.94 

2,10 

0 16 


V Chart 


Sample 

No 

V 3063 
I>eflcc- 
tion 

Fe 3062 
Deflec- 
tion 

Fe 

log K 

^ V 

log/p. 

log ratio 
of 

intensities ^-f) 

^ 3 ) 

62 

34.2 

I Si 

0.26 

J.nl 

2.1s 

0.J4 

''ll 

50.2 

3 * .5 

1 -.S 95 

0.20 

2 .L 1 S i 

2.17 

O.U 9 

< 7 ) 

5 .v 2 

35 7 


O.J 9 

2,05 1 

2.14 

1 

[ 0,09 

i 

(30' 

49-2 

34 f 

1-45 

0.16 

2.0S j 

a-15 

0^07 

(4a) 

37-5 

26,7 

3 - 4^5 

0.15 

1 

2-13 

2.20 

o»o7 
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Tabi.e Xll (contd,) 


vSi Chart 



deflection due to analysis line to that due to internal standard and id^ 1 2 :, 
values and their differences derived from appropriate calibration cnrv^*s E 
and F' (not shown) for elements manganesci silicon and vanadium. Calibra- 
tion curves were plotted with log R and log ratio of intensities against compo- 
sition. Such curves for elements manganese, silicon and vanadium are shown 
plotted in Fig. 4 . Discussion of results follows. Plate F includes a test 
alloy. From the appropriate intensity calibration curve (F), compositions of 
Mu, Si, and V were derived- Values arc tabulated in Tables XII 1, XIV 
and XV), 



Ic) 


Fig. 4 



Readings for Sample (6) 



Standard deviation. 



Readings for Sample (61 



Standard deviation 



Readings for Sample (6) 
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The standard deviations of la results are : 

1.5 for Mn 
< i.o for Si 

1.5 for V. 

The accuracy obtained is comparable to usual log R method. 

DISCUSSION OF RRSUI/TS. 

In the calibration curves given by the two methods (Fig. 4) accuracy 
obtained was nearly constant. Calibration did not usually produce a single 
curve applicable to the two plates. This is the more remarkable in the case 
of manganese. For .silicon, however, a single curve suffices. For vanadium 
two curves are given form sets of closely lying parallel curves. i 

On the application of background correction it can be said that no 
standard critique of spectral background evaluation exists ; the emphasis 
is laid on having a clean plate with little background. Background calcula- 
tion adds materially to time, a fact which militates against ordinary routine 
business. No attempt was thus made to calculate this factor. These mets 
point to a conclusion that plate calibration does not usually compensate 
for responses of plates. Nonetheless, the method described is simple and 
can be of general use. Further work might also give better corroborative 
results. 
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A STUDY OF A WILSON’S CLOUD CHAMBER WITH 
LARGE SENSITIVE TIME AND OF ITS APPLICATION 
. IN MEASURING RANGE OF a-PARTlCLES 
EMITTED BY Pu'*® 

By H. P. 

{Received for piiblicatiiin, Inly v, iq^g) 

Plate XVI 

• - 'l 

ABSTRACT. A brief desrriptit'ii of a cl md chamber 'vith long sensitive time has 
been given. Three different methods of deter .liiiation of sensitive time have been dts* 
cribed. The range of particles emitted fr nii a .specim .-n supposed to contain has 

been determined. 

A Wilson clouci chambei was construcled with a large sensitive; linie 
•in order to photograph tracks of ionusiiig particles emitted during .evtatls 
of rare occurrence. In the iiresent instance, the object of investigation 
was the tneasurenieni of the track length of v-particles eniiLted'froni a 
jirecipilale supposed to contain tiausurauic elements. The precipitate was 
separated by Dr. S, I). Chatterjee from a sample of urauile, a. very ohi 
urtlnium containing mineral. The IJ2S.S portion of the uranium by ahsoip- 
libn of cosmic neutrons or neutron produced during .spontaneous fi.ssion of 
U235, is expected to produce transmanic elements according to the following 
reaction 

^j 8 1 8 + n ^ ® * ®~^Pu ® " 

Pu* '^’ is an ^‘-particle emitter, w'ith a half life of 24000 years. The 
sample, supplied was of such feeble radioactivity, that ordinary ionisation 
ijigthod wgs not sensitive enough to detect its activity. When the sample after 
cj jssoluti^ti was spread over photographic emulsion C-* of Ilford, several 
-t-facks could be observed on developing the plate after two weeks .exposure, 
;.ft , was thought worthwhile to use a portion of the sample as a soucee.df 
K-p^irticles to measure their track lengths in the Wilson cloud chamber,, and 
by comparison with the track lengths of “-particles emitted under identical 
bQ^ditjong from a polo.iimn source in the same cloud chamber, to -dstecinine 
the Track length of the unknown source under standard .ooddhisths. of 
■fiejupKi-ature.and lutssure. and if possible from such measurements to identify 

sits brigio- ' ■ ' - 

Table I, w-e give the energy and range of ^'--particles emitted from 

Pu?"® and from two other “-particle emitter of ar>1>i''^J'"”ately the same 

5 — T712P- 8 
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Tabj^e I 


f 

Source j 

Enerf^y of a-partieJes in Mev. 

Range in cms at 

15 "C- 760 mtn of lig 

Half life 


5.2c)8 

. 

3. 8-1 = 

1^0 days 



1 3.673 

24000 yrsp 

i 

^oRd.Th-" 

.^.335 

3.88 

1 I. 9 vrs. 

1 

1 


track lengths. The aim of our investigation by the method employed was 
(i) to establish whether the precipitate supplied was “-emitter, and (2) 
if so, to establish the identity of the emitting source from the range m the 
“-particles measured. \ 

The present paper contains a description (t) of the Wilson cloud chamb^:r 
of long sensitive time constructed in the workshop of the Institute, \ii) of 
the methods used to determine the sensitive time during expansion and 
the pressure variation within the chamber and (Hi) of the method used for 
measuring the length of the “-particle tracks emitted by the given precipitate 
in terms of that from polonium. 

(i) Cloud Chamber . — The diameter of the chamber is 15 cms., depth 
2 cms., expansion is produced by the displacement of a movable diaphragm 
closing the lower side of the chamber ; the latter consists of a brass plate 
fixed at the centre of a rubber diaphragm. The rubber .sheet is attached 
by means of the plate to a lever actuated by a cam and which is put under 
compression by a suitable steel spring. The under side of the diaphragm 
is filled with water on which a circular block of paraffin floats, such that the 
upper side of the paraffin is on a line with the water level — in fact, during 
expansion very little air current is produced. * 

The sensitive time is prolonged by producing first a rapid expansion to 
attain the necessary degree of supersaturation, and then to maintain the degree 
of supersaturation by further slow expansion. This end was achieved by 
.cutting the sloj^e of the cam controlling the expansion as shown in the 
diagram (Fig. la) ; simultaneous with the movemenTof the diaphragm, air in 
the lower chamber gets compressed, so a flow of air takes place through the 
orifice of the stopcock producing a prolongation of the state of supersaturu 
tion as desired. To. produce the desired effect, opening of the stopcock 
needs adjustment [figure of the Chamber and manometer. Figs, (a) and (h)]. 

A detailed study of the change of pressure was made by a manometer 
as described belo^^^ The accompanying figure (Fig. 16 ) gives a detail of -the 
manometer which is attached to the cloud chamber. A small circular rubber 
rnembrane is cemented to the end of a side tube connected with the mano- 
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Range of a. particles emitted by Pu^'* 
meterauda small min-or A/ movable about axis A' ims its other end rcstinc 

on ,1.0 ccntr. rubbor .ncmbrano : . b.nn. of Ush, roBocW frolirtbe 




Fig. 1(6) 

mirror falls on a scale placed at a distance of about 3 metres from the 
mirror, in order that a small change in the pressure in the expansion chamber 
may be determined with fair degree of accuracy. With this arrangement, 
a relative change of pressure up to about one per cent of the total change 
which was about ao cms. of Hg could be determined. It may be 
added that we are not interested in the absolute value of the pressure at 
different moments, but only on the variation of pressure as the expan- 
sion progressed. The image of the sijot of light is photographed with 
a standard Cine camera taking 24 pictures per sec. on a 35 iimi film, thus 
changes of pressure can be observed at intervals of 0.04 sec. It may be 
argued that as there is a time lag between the pressure attained within the 
chamber and that indicated by the motion of the rubber membrane attached 
to the manometer, the latter does not, therefore, record the actual pressure 
in, the chamber at the time of record. The lag being a constant common 
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factor, the motion of the spot of light doijs give a true picture of the change 
of pressure with time, within the chamber. A plot of the time \?ai'ialion 
of the image or the spot of light has been given in Fig. 2- 



5 lo 15 20 2=; 

Time-> 

T Div.-4.i X Tcr® sec. 

P'lG. 2 

in) Sensiiivc time — The study uf sentitive time has hecu described in 
a paper by Hazen (1942) where details about the sensitive time and its 
dependence on various factors has been fully discussed ; here only the 
relevant points in the paper are discussed and utilized. 

The sensitive time can be increased by (i) increasing the time for 
completion of the expansion and (2) also by increasing the ratio of the 
volume to the surface of the cloud chamber. Time duration of the expansion 
must be of the same magnitude as the sensitive time before the latter is 
appreciably lengthened. In t)ur case, this condition is fulfilled as the time 
duration has been lengthened by the arrangemeni already described- above.7 
in addition, by increasing the ratio of volume lo surface i c. by using chamber 
of greater depth, the sensitive time can be increased; but then it is uiot 
possible lo illuminate the whole depth of the tioucl chamber ; in our case 
tlie latio of volume to the surface was, slightly greater than unity. 

Actual period *ovei which the state of supei saturation persisted was 
measnrecl by three independent methods, each method yielding a sensitive 
time of about one second. 

(fl) In the first method a simple expcr'metital deviqe is adopted' for 
roughly estimating the sensitive time of the cloud chamber. A'weaTc racUoaC!- 



PLATE XVl 



Stereo-picture of o(-particle emitted from Pu’'*”, 



Stereo-picture of a diffuse lona-range ^-particle track, possibly emitted from the 
other isotope of Pu. Only one picture was recorded out of about 8000 photographs. 
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tjye source 16 placed iovside a massive block of lead, lo c»i». fioui ;t4e"<?v,)fi)d 
cliainlierj the lead block contains a cylindrical hole of 0.5 <ui. diatnetcf 5 .in 
front of this lead block a massive lead wheel, 4 cnis. thick, revolves slowly 
at a rate of 1 revolution in 11.5 secs. The rotating wheel contains a 4 imii 
hole and the wheel is so oriented that in a complete revolution the hole m 
the wheel comes once in line with the hole in the block of lead. On the 
wheel there is a graduation at intervals of 5° marking with o, the position of 
alignment of the two holes. 

Operation for expansion was started by rotating the handle attached to 
the cam controlling the motion of the diaphragm of the cloud chamber, for 
different possttions of the wheel with respect to the fixed o mark, named as 
the point of observation in the Fig. 3. Thus o in the table shows that 
the Operation starts when holes are in alignment, expansion corresponding 
to 5® means that after 0.16 sec. alignment occurred between two holes, 
and 60 on. 



Fig. 

Table II, along with the graph, shows that for an angular width of about 
5' on the lead wheel, the chamber must have remained in a state for 
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receiving the impiession of ion trails. Now, 25'' on the lead wheel cotres* 
ponds to 0.8 sec. — the sensitive time of the cloud chain her. 

TABt.li II 



Angle m degrees 

Percentage of total expansion 
giving the p**esence of 
tracks 

0 

45 

.s 

55 

10 

SO 


70 

20 

8.5 


1 80 ; 

30 

1 90 5 

35 

90 ’ 

40 

80 \ 

45 

55 V' ■ 

50 - . . 

SO \ 

55 

50 1 

60 

55 


Fig. 4 


(b) In the second method, the sensitive time was estimated from the 
cinematographic picture extending over the period taken to perform the act 
of expansion ; photographs are taken of several expansion at the rate of 34 
pictures per sec. During the course of one of the expansions, two different 
tracks at different places in the chamber were observed after an interval of 
20 pictures ; this observation leads to the conclusion that during above period 
at least the chamber must have remained sensitive. It was noticed that the 
number of droplets formed per c.c. in the expanded volume was never more 
than 1 or 2 on an average ; a larger number of droplets per c.c. generally 
shortens the sensitive time by denuding the volume of supersaturated vapour 
by causing a growth in the size of the droplets at the expense of the state 
of supersaturation. 

(c) In the third method, William's formula, connecting the sensitive 
time and the number of cosmic particles recorded per expansion, uas utilized 
in finding the sensitive period of the chamber. Avty:age number of cosmic 
ray tracks per expansion is given by the expression 


1 11 . j d 


where j is about 0.03 -number of cosmic particles per cni“ per second. 
(1= diameter of the chamber in cm. 

.u = depth of illumination 
/, = sensitive time. 
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Observatio^i extending over a thousand expansions revealed that on an 
average 0.5 was number of cosniiic ray track per expansion; since d = i3 
cpis.i x'-^i crh-i en? substitution, the sensitive time comes out to he a jittJe 
over one second. 

(mi) Measuremeni of length of c^-pariicle tracks . — Ihe main objective 
for the construction of th'*^ chamber was to find the range of the «-patticles 
emitted from a precipitate.e^^tracted from an uranium ore of Indian origin 
and supposed . to contain ph^tonium 239. Usually a very small quantity of 
Pu is found to be present in the qre. In the method of separation employed 
Pu was extracted with a rare e*rlh tracer from the ore ; a small fraction 
of the extract was smeared on the stutface of a brass disc placed inside the 
chamber. 'I’he content of Pu on the specimen was .so small that out of 2,000 
photographs taken, only 36 tracks of (X-pariiclcs emitted from the source were 
obtained ; amongst them were some tracl^ which were diffused and some 
of them ended outside the region of illuniiuattu)^. 

Some of these tracks are reproduced in Plate XVI. 

In order lo obtain a correct length of the tracks, fhe stereoscopic pictures 
were built up in space with the same camera urraiagement used for photo- 
graphing them under identical conditions, By this m«i|(jod the lengths of 
w.particle tracks as built up in space were determined. 

Table III 


Range in mm. 

No, of particle- 


AA 

AA 


4 .S 

n 

.,6 

47 

17 

44 

18 

' 42 

10 

.40 


.<2 

ST 

5 - 

jh 

5 ^ 

It) 

54 

6 


Similarly, a large nuiuhei- of photographs of tracks of «.particles emitted 
from polonium source were taken under identical conditions. These tracks 
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were' 'JihiO built up in space find from the measureineut'of their lengtlis an 
estimate of the average track length was obtained by using the above method. 

A comparison of this average length of o(.<partic1e track from Po as 
deduced from graph was made with the lengtli of the longest Pu octrack. 
(Fig. 4 ). ... 

This method was found necessary since total number of plutonium 
a-particle tracks were only 88. With such a meagre number, extra><p61ation was 
riot possible without incurring a large amount of statistical error, (vide Plates) 

The results on measurement of the track lengths are given below: ‘ " 

Average range of Po-« = 5o.5 mm. 

Maximum range of Pu-«=46 mm. 

Whence the range of Pu-«-3.5 cms. under normal conditions. 

The range thus determined gives a value smaller than that found by 
other authors, but as no other a-particle of this range have been observed 
for a-particlc emitting sources belonging to the three principal radioactive 
series occurring in nature, the observed particles may be attributed to Pu®?^. 
In the Radio Cheiiiical laboratory of the Institute, attempts are being made to 
isolate this element from a larger quantity of pitchblende obtained from 
Canada. When the isolated precipitate is ready the investigation with the 
Wilson chamber will again be resumed. 
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INDIAN TROPICAL STORMS AND ZONES OF 
HEAVY RAINFALL 

By S. mull and Y. P. RAO 
[Received for ptibUcatlon, March 22, ig/fQ) 

ABSTRACT. The accepted explanation (or th^ heavy rainfall in southwest tnon<'Oon 
depressions in India on the basis of frontai structure is not supported by radio-scnde data. 
An alternative explanation on the ba.sis of convergence derived from the isobaric patterns 
is offered. It has also been applied to satisfactorily explain the distribution of heavy 
rain in the post-monaoon depressions. 

It Is well known that in the southwest monsoon depressions, widespread 
and heavy rain is confined to the southwest sector. Tliis was explained by 
Ramanathan and Raraakrishnan (1944) as due to the ascent of old monsoon 
air over the fresh monsoon air as illustrated iu Fig. t. According to them 
the fresh monsoon air behaves as a cold airmas.s relative to the old monsoon 
air. A front therefore develops in the Western sector between the two 
air masses and it slopes up towards the south. Consequently the lainfall 
due to the upglide of the old mon.soon air occurs in the southwest sector of 
the depression. 

ExaininatioD of radio-sonde ascents in the southwest sector, however, 
showed that the existence of the front was doubtful as no marked temperature 
discontinuities were noticed. A depression devoloped in the NE Bay of 
Bengal on i. 7. 45 and intensified into cyclonic storm by 0230 hrs. G-M.T. 
of 2- 7 ‘ 45- Widespread and heavy lain occurred in the southwest quadrant 
of the storm as will be seen from Fig. 2 , which shows the isobaric distribution 



Fig. 2 

Rainfall shown in circles, 
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at 0200 hrs. G.M.l • of a. 7. 45 and the rainfall amount in the preceding 
tweulyfour hours. Cuttack situated in the southwest section, recorded seven 
inches of rain during the period. In Fig. 3 is given the radio-sonde ascent 
of 1300 hrs. G.M.T. of i. 7. 1945. It will be seen that the ascent curve 
does not show the existence of two airniasses and hence the above explanation 
does not seem to be satisfactory. An alternative explanation for the rainfall 
in the southwest sector of monsoon depressions is given below : — 

The equation for gradient wind is : 


= -1 + 1 ^ L, 

pX* dn At 


where V is the gradient wind and the other terms have their usual significknce. 
r is positive for auticyclonic flow and negative for cyclonic. We proceed to 
find the horizontal divergence in the area ABCD (Fig. 4/ where AB and '; CD 
are two successive isobars of values and + and /IC'andBD are 
respectively the wedge and trough lines. Due to the gradient flow which 
is along the isobars, the horizontal divergence, termed as longitudinal diver- 
gence by Bjerknes and Holmboe (1944) is: 



Subscript i and 2 refer respectively to the values at AC and UD. As AC 
is to the north of BD, A,>A3, while which refers to cyclonic flow' is negative. 
The first term is therefore divergent w'hile the second term is convergent. 
We have neglected variations in den.sity which are generally small, particularly 
in barotropic conditions as in tropics. It can he shown that the net florv is 
longitudinally convergent when 

T, is the critical radius of curvature for auticyclonic flow 
r, =900 kins ^ , 

— mb/km 
an xso 

AC^BD *^ 300 kms 

and Aj and A,, correspond respectively to 25®N and r 5 *N, 




Fig. 
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In the present case Aj corresponds to a more southerly latitude than A... and 
hence A, <A,. r, ,s negative as it corresponds to cyclonic circulation. Thus 
for easterly flow from a high to a low both the terms are negative and there 
IS longitudinal convergence. Similarly in an easterly current the air flow is 
divergent from a low to a high . The above points are illustrated in Fig. 6. 
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‘ Bjerknes and Holmboe (1944) have termed the divergence due fo the cross- 
isobar wind component which arises owing to tangential acceleration as 
Transverse Divergence. V,, the cross isobar component, is given by ■ ' 


V 



23’ 

05 


where j is measured along the isobar. 

rVa 


The flow across the isobar is tluif : 


rVa rVa J 

/ Vfds = f — n dn = 4 




A. 


(3) 


This is the transverse flow' at an isobar. The transverse divergence in the 
area ABCD will be given by the diflerence between the flow at two successive 
isobars. This will be zero when the successive isobars are parallel. We j may 
coinjiare the quantity 


with the second term 


i 


K 


"L 


2 ’ 

A, 


RD _ A C 


in equation (a). BV or AC and or r, are generally comparable quantities. 
Hence BDha and /IC/ti will not be too small. For instance, in the numerical 
example gweii previously —(BD/r.J = ]\. As r„ has opposite Sign to i, in 
the flow from a trough to a ridge or viceversa, the term for cross-isobai 
flow and the cycloslrophic component of longitudinal convergence (I'.p. 
second term of equation (2I will respectively represent the sum and difference 
of nearly equal terms. Hence the tran.iverse divergence (which is given by 
the difference betw'cen the cross, isobar flow' at two successive isobars) may 
be neglected as compared with the longitudinal divergence (to which, the main 
contribution is due to the cyclostrophic component). If the gradient is less 
in the ridges and more at the troughs, the diffeience betw'een Va* and Vi® w'ill 
be negligible and hence in such ca?es transverse divergence can be neglected. 
As in tropical cyclones, the isobars open out at the ridges and come clo.ser at 
the troughs, we are justified in taking account .of the longitudinal 
divergence only., ~ — 


We now consider the longitudinal divergence in a system of closed isobais 
moving west. ABCD is a line dividing the low' into eastern and western 
halves, (Fig, 7). The net diveigeiice in the eastern half is : 


tq/lB-VsCD = A/) 


JL I 


n,® AB _ v/ 




Ai Ai 



(4) 


Here subscripts 1 and 2 refer respectively to zlB and CP and A, > Ag. Jf 
the consecutive isobars are concentric, both the terms are negative and there 



tndwn Tropical Storms and Zones oj Heavy Rainfall 

IS convergence in the |easteni half and divergence in the western half. But 
in a depression moving to west r, > > j and this can cause Fj to be sufficiently 
greater than for the second term to become positive. In such cases, the 
longitudinal divergence is probably small enough to be neglected. Where 
this difference in the radii of curvature r , and is not sufficient to make the 
second term compensate the first, in equation (4), it is necessary, as shown 
by Bjerknes and Holmboe (1944), lhat the circular isobars should be closer to 
the south than to the north for the resulting flow to be non-divergent. 

The isobaric pattern with a southwest monsoon depression is shown in 
Fig. 3. The airflow between the two isobars F, and P3 is from anticyclomc 




curvature at AB to cyclonic curvature at CD and hence convergent, as shown 
before. It is apparent that the airflow betw'een the isobars P, and Pa is not 
appreciably convergent in any other portion. The values of the various 
variables, used for discussion in the cat Her para, correspond to the conditions 
met in this case. But owing to the movement of the whole pattern to the 
west along wnth the motion of the depression, the curvature of the airpath 
is, however, greater than that indicated by the isobats. Correspondingly the 
contiibution of the second term in equation (2) is greater and hence the 
longitudinal convergence is also greater. For reasons explained in the 
discussions of longitudinal divergence in closed isobars, the flow in the portion 
of the closed isobars seems non -divet gent. Probably this is partly obtained . 
by the slight crowding of isobars to the south in the closed system. As we 
recede away to the south from the centre of the depression, the perturbation, 
due to the depression on the normal west to cast isobars, decreases ami hence 
the convergence also diminishes. It will thus be seen that the area of 
maximum convergence is in the southwest sector of the depression but some- 
what away from the centre. As convergence leads to rainfall, the occurrence 
of widespread and heavy rain in the sontliwesv sector of southwest monsoon 
depressions is explained. As an illustration we give in Fig. 9 the isobaric 
map of 0330 hrs. G.M.T. on 30.6*1930, the rainfall distribution during the 
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Fig. 9 

(o) Isobars at 0800 Hr.s. I.S.T. of 30.6.1930. 

(W Rainfall from o8riO Hrs. TS.T. of 30.6.1930 to 1,7. i^^u. 
(c) Isobars at 0800 Hrs. I.S.T. of 1.7.1930. 
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‘sobaric map of 0230 hrs. O.M.T. on 
• Post-moiisoon depressions, the northeast sector gets the heaw 

lain. The distribution of isobars with such a depression is shown in Vig J 

By reasoning sinnlar to the preceding case, it can be seen that the aft of 

hence heavy rain is confined 



The above discussion brings out how the rainfall distribution 
depressions affecting India can bo explained frinii the zones of 
derived from the isobaric patterns. 


in tropical 
convergence 
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THE EMISSION SPECTRUM OF BISMUTH IODIDE 

By P. TIRUVENGANNA RAO 

(Received for publication, February, 

Plate XVII 

ABBTRAOT. The spectrum of bismuth iodide has been photographed in emission 
in fl high frequency discharge using a Fiiess spectrograph. Anew band system betv^'een 
\ 5900— X 5600, consisting of four marked groups of bands, some of which are degraded 
towards the red, is obtained in addition to the band system between X 4300-X4150, analysed 
by Morgan. Vibrational analysis of this new system has led to the determination of the 
following constants 

7f^'=i95.o = 167.9 

I/, “ 17216.0 x/w/— i.o 0.3 

The kwer state is considered common to both the systems. By analogy, the new' 
system may correspond to the low frequency system observed in the other bismuth halides 
The electronic states in the halides of bismuth are briefly discussed 

INTRODUCTION 

In the course of a series of investigations on the molecular spectra 
of the halides of the elements of groups IV and V of the periodic 
table, Howell and Rochester (1934) reported that high frequency discharges 
through the vapours of the halides of lead and bismuth excited in each 
case large systems of bands degraded towards the red. Later, Howell (1936) 
published the analysis of a band system between A.5100-A4150, attributed 
to the diatomic inoleculci BiF. The band spectra of BiBr, BiCl, BiF and 
Bil have been examined by Morgan I1936) in absorption and a vibrational 
analysis given for each of the observed systems. For BiBr, two systems for 
each of the isotopes Br'" Cl’" and Br”' Cl” with origins at A 4045.7 A and A 4869.1 
A, were analysed. In BiCl, a band system lying between A 4000 -A 3600 
has been found for each of the isotopes Cl” and Cl” in addition tothe system 
at ASS00-A4300 reported by Saper (1931)- The vibrational analyses in 
the above two cases have been confirmed by the respective isotope shifts. 
One band system between A4900 and A4150 for BiF has been analysed. 
The analysis of this system is entirely in agreement with that reported by 
Howell for BiF in etriission. Morgan also reports another system for BiF, 
on the shorter, wave-length side of the above system, but no analysis is given 
as it is too weak for measurement. Rochester (193?) reports a triplet system 



380 


P. T. Rao 


for BiF in the ultraviolet between A 3050 -A 2350 with wide multiplet separa- 
tions of 7300cm"* and 4800cm"*. In the case of Bil, only one band 
system between A 4300 -A5 150 has been observed. It corresponds to the high 
frequency system observed in the other bismuth halides. The bands, which 
are about 23 in all, are arranged in marked sequences but the direction of 
degradation of the bands is uncertain. The following quantum formula has 
been derived by Morgan to represent the bands ; 

’'—33388.9-1- (198. 6m'— 1.44 m'**) — (163.911" — 0.31M"®) 

Morgan suggested that the low frequency system, corresponding to the one 
observed in the other halides of bismuth, might have been either lost in the 
overlapping diatomic bismuth bands occurring in the same region, or 
altogether absent because of the probable dccompo.sition of Bil, at the j high 
temperatures used in his experiment. No previous work on the emission 
spectrum of this molecule appears to have been published so far. ' 

As a continuation of his work on the molecular spectra of such a series 
of molecules as Til, Pbl the author investigated the emission spectrum 
of Bil, excited by a low-power H.F. Oscillator. A nerv band system 
attributed to the diatomic molecule Bil, which corrcsjionds to the low 
frequency system observed in the other bismuth halides has been obtained 
in addition to the system A 4300- A 4150 reported by Morgan in absorption. 
The object of this paper is to rejrort the analysis of the new system. 

The experimental method for this investigation also is th« same as the 
one employed by the author in the case of Til and described in detail 
elsewhere (Rao and Rao, 1949). Working with the iodides of heavy elements, 
it has been the experience of the author that the emission bands and conti- 
nuum of iodine, which is invariably present in the discharge tube as a 
decomposition product, could be eliminated by a careful heating of the sub- 
■stance and by giving minimum exposure with a sharply focussed .spectrograph. 
With Bil, continued heating was found necessary for maintaining a charac- 
teristic discharge which is bluish violet in colour. In photographing the 
spectrum a Fuess glass spectrograph was mainly used. The advantage of 
using this instrument was the short interval of time during which optimum 
( onditions for reproducing the spectrum could be maintained. An exposure 
of 5 minutes duration was found sufficient using Kodak- panchromatic plates. 
In addition to the bands, some bismuth lines were also excited. Measure 
ments were made on a Hilger comparator and were reduced to wavelengths 
bv using iron arc standards. Band head data obtained from different platgs 
seldom differed by mor» than 2 wave-number units. 

DESCRIPTION OF THE SPECTRUM. 

The spectrum is reproduced in two strips in Figs, a and h (Plate XVll).:' 
Strip a is an enlargement of the system between A5900-A5650 newly obtained 
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in the present investigation. The bands are arranged iii four distinct groups. 
Some of the bands apr)ear clearly red-degraded while the direction of degrada- 
tion of some others is uncertain. Strip b is a reproduction of the system 
between A4300-A4150 analysed by Morgan. The bands are clearly red-degra- 
ded, while the sequence degradation is towards the violet. But Morgan reports 
that the direction of degradation of these bands obtained by him in absorp- 
tion is uncertain. This system is reproduced here to show that the bands 
appear more prominently in emission than in absorjUion. 

Table I gives the wavelength, intensity and other data of the new 
system. 


TakIvE I 

(Bismuth iodide bands) 


Wavelength 

Int. I 

Wavenumber 

Classification 

• Obs. — Calc 

5859-9 

i 

6 

17060.4 

0,1 

-1.6 

50-3 

5 

17088.4 

1.2 

o.x 

41.2 

4 

J 7 I 15-0 

2,3 

^•8 . 

33.2 

2 

17738.5 

3,4 ' 

1.8 

1 

5802.2 1 

xo 

j 17230.1 

0,0 

0.8 

5794-4 

1 1 

1 4 

17256.6 

I, I 

1-6 

37-8 

1 

i « 

17423-5 

1,0 

1.2 

30.2 

4 

174^6.6 

2,1 

0.6 

23.6 

1 

T 7466. 7 

3,2 

-■1.6 

5676.6 

4 

17611.3 

2,0 

— 2.0 

68.9 

3 

17635,2 

3,1 

o-J;: — 


Vibrational Analysis and Intensity Distribution 

The bauds are arranged in four marked groups. The relative intensities 
of bands in each group suggest that each group is obviously to be regarded 
as a sequence. Intensity consideration.s point to the group of bands at A 
5860 as being the sequence. The group lying on its longer wavelength 

side is then to be identified as the (0,1) sequence. From intensitj^ considera- 
tions the most intense band in this sequence is to be classified as the (o,t) 
band* The intensities of the higher .sequence members gradually fall off. 
A similar feature is observed in all the other sequences. Some of the higher 
sequence members present a line like appearance as their direction of degrada- 



382 


P. T. Rao 


tion is uncertain. The (o,o) band appears clearly red degraded while the 
direction in which the (i,o) band is degraded is uncertain. It is to be noted 
that in all cases, the sequence degradation is towards the violet, 
though some of the bands are dearly degraded towards the red. The 
vibrational matrix shown in Table II is built up to include all the band heads. 
As the number of bands observed in the system is small, only two AG(v") 
values are obtained and of these two the first is jirobably more reliable. 
Since the direction of degradation of some of the bands is uncertain, 
the breadth of such bands being of the order of 5 wavenumber units, the 
low'cr state vibrational frequency suggested here may be regarded as 
approximately equal to that of the other system analysed by Morgan. Hence 
the low'er state appears to be common to both the systems. The upper state 
vibrational frequency obtained here is also of the same order as that pf the 
other sy.stem. By analogy, this sy.stem may correspond to the low frequency 
system observed in the other bismuth halides. 'I'he following vibrational 
constants are sugjgested for the system 

<"'» = 195-0 •>",= 167.9 

V, =[17216.0 

x',u>', = i.o X "'-0.3 

It is to be noted diat w'hile in the corresponding systems of the bismuth 
halides (»/ < w,", in this system w/ > w,". 

The intensity distribution in the system is shown in Table III. 
The inteu.-ity in each sequence shows a gradual fall as we pass'ftoin first to 
higher sequence members. The Condon curve that can be drawn through 
the strongest bands is of the type w'hich is to be expected with such relative 
values of «> as occur here. 


Table II 


Vibrational Analysis of Bil bands 


.V 

012 

3 

4 

AC(v') 



169.7 






17230,1 37060.4 



194.8 


0 







166 Q j 68.2 






17433*5 ^^7256-6 T70R8.4 





1 

i8y,S igo.o 



188,9 



176U.3 1744^'.6 

37115.0 




2 







1SS.6 



188.6 



17635*3 17466.7 


17138.5 



3 

168,5 





AG('ii")i67.4 168.4 
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Bismuth iodide bands. 

{ ) New system. 

( b ) Morgan's system. 
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Table III 

Intensity Distribution iu the System 


01,3 

4 

0 1 

10 6 


^ 1 

® 4 5 


2 1 

4 4 4 


3 

3 I 

Z . '■ 


M O R G A N'S S Y S T E M 

As iu the other system, the bands iu this system appear clearly degraded 
towards the red while in all the sequences the sequence degradation is towards 
tlic vi(^let. All the bands recorded by Morgan are obtained here together 
with 3 new bands, whose w^avelength, intensity and other data are shown in 
the Table IV. 

Table IV 


Wavelength 

Int. 1 

1 

Wavenumber 

Classification 

4160.ii 

2 

34039.4 

5 i 3 

68,0 

3 I 

33985-6 

3rO . 

4246.3 

1 

33543.9 

5;5 


KlyUCTRONlC STATKS IN BiSMaTH HALIDES 

Investigations on the halides of the related elements N, P, As, etc. are few. 
A band system between A 6550— A 5456 attributed to the molecule NBr is 
knowm from the work of Eliott (1939)* Band spectra of the halides of 
phosphorus and arsenic are not so far known. Of the halides of antimony, 
Howell and Rochester (1939) analysied a triplet system of SbP in the visible 
region between A 52oo~A 3600, which was suggested as due to a transition 
betw-een triplet electronic levels. They also analysed a similar triplet system 
in the ultraviolet between A 2700 A 2200. The final state is common in both 
the triplet systems and is suggested to be a probable 'V. They stated that the 

multiplet separations of the states are not kxiown nor is the nature of other 

electi'onic levels. Two band systems betw^een A 5600 — A 4600 attributed to 
SbCl have been analysed by Ferguson and Hudes (194c)' In any of the 
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above investigations, however, no definite information regarding the 
electronic states of the halides of these elements is available in order to 
identify by comparison the electronic' ^ates of bwinUth halides- But an idea 
of the electronic states of the halides,.., of .bismuth ,can he , obtained ixom a. 
knowledge of the electronic states pf the BiH molecule. HeiinCr (1935) 
established two systems in BiH with a common ‘S upper stale, as ..due to the 
transitions ’S — ‘S and ’ 2 -‘H, the low; er ’2 being the ground statf^ Hence 
the ground state of the halides of bismuth may,, in all probability be a '2. 
A consideration of the ground state configurations of the halides of the 
elements Hg, Tl, Pb etc., lying in the same horizontal row of the periodic 
table would also lead to the same view. The ground state of the mercury 
halides can be written , as ^ 2 ^. By the successive addition of one 

electron to the above configuration, the ground state configurations of the 


halides of the other elements are 


(r®;rVa, *2 

(thallium halides) 

(r®jr*cr®jT, 

(lead ,, 

' ^2, ‘A and ’2" 

(bismuth ,, 


By analogy with the ^2 ground state established in the halides AlCl ; Holst, 
(1934) and AlBr (Jennergreen, 1948), Howell (1937) suggested that the 
ground state of the thallium halides is a ’ 2 . Ferguson (1928) analysed 
two systems of ShCl with a common low'er state with a separation of 2360 
cm., while Rochester (1938) established a ^11 ground state in the spectrum of 
PbF with a doublet separation of 8270 cm“*. This indicates that may 
probably be the ground state of, lead halides. With the exception of BiF, 
each of the other halides of bismuth is known to give two systems of bands 
which have a coinmon ground state. The simple, weli marked rotational 
structure observed in the low frequency system of BiF indicates, as Howell 
remarked, that thp transition involved may be between siUjglet levels, Hence 
the ground state of bismuth halides is most probably <r^ n-®, ‘ 2 . Excitation 
of the IT electrons of thenormal configuration into the next higher prbits gives 
the electronic states ^ , , / 

and ’2^ 

The 'n and ' 2 '^ states are most probably the upirer levels of the two observed' 

band systems in bismuth halides. 

♦ 

ttcti ^II — >■ n-®, ’2 (low frequency system) 

0-2^ '2^'-^jr®, *2 (high ,, ., J . 

The first two excited states of BiH molecule also ‘IT and '2 established from 
a study of the rotational structure of the bands, which probably gives furtha:^ 



385 


Etnission Spectrum o/- Bismuth Iodide 

justification for the proposed identification of the energy states iii the case of 
bismuth halides. The transition may be weak and lie in the near 

infra-red. ^ . 

One might also regard the two systems in bismuth halides as due to the 
transitions '^IIo - and ni, - 'S, the other component lying probably 

in the iufra*red. Hut the simple marked rotational structure observed by 
Howell in BiF bands indicates clearly that the transition may be between 
singlet levels. This supports the assignment of the twb systems to the 
transitions — and — 

As the energies of dissociation cannot be extrapolated with accuracy in 
these halides, no attempt has, therefore, been made to correlate the above 
electronic states with those derivable from the most probable products of 
dissociation. 



DL F Bi. ct Bi Br 1 


A^ALf£>£e^ 

Fig. t 

An energy level diagram for the halides of bismuth is given in Fig, i. 
A glance at this diagram shows that the corresponding energy levels are lower, 
the heaviei the molecule, which is to be expected- 
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FORTY ONE ELECTRON SYSTEM OF MOLYBDENUM-Mo II 

By V. RAMAKRISHNA RAO 

(Received for publication t March 3i, ig4q) 

Plates XVIIIA and B 

ABSTRACT* Aualysifi of the spectrum of Mo 11 i« extended to include the identification 
of nearly all the sextet terms. Detection of the inter-combinatious lines led to the deriva- 
tion of a connected system of atomic energy levels. About eighty lines have been newly 
classified. 


INTRODUCTION 

In a previous paper the aiitlior (1949) reported the identification of the 
fundamental inuUiplets of Mo III, due to the combination of 
U'ith 4d^(^F)5^®(G, D, terms. In a brief review therein of ovrr know- 
ledge of the difiFerent spectra of Mo, it was indicated that while the structure 
of Mo III was completely uukiiowu, that of Mo II is very meagre, Ihe 
present work is an attempt to extend the latter spectrum corresi)onding to 
the forty one electron configuration. 

The experimental work and the method of assigning the lines due to 
Mo I, II and III were already described. The general observation might be 
mentioned that Mo III lines are absent altogether in the arc, and much 
enhanced in the condensed spark : Mo II lines do occur in the arc but are 
much less enhanced . Lines strong in arc and weakened it condensed spark 
are assignable to Mo L 

analysis 

The ionised atom of Mo, iso-electronic with the neutral atom of 
colutnbium has five outer electrons giving rise to the optical spectrum. The 
chief electron configurations that may be expected are summarised in Table I. 


Table I 


Hseii 

Odd 

Ad‘ 


4(i*5S 


4d*5s’ 

4<**5r5f’ 


3— 1713P— 9 
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Meggers and Kiess (1926) were the first to report two seictet and thrcf 

quartet groups due to transition d^s-d*p. Schauls and Sawyer (x94ot 
detected what may be called the resonance group of Mo 11 involving th. 
deepest configuration 4d*, and also suggested a modification of one of tlu 
sextets identified by Meggers and Kiess. The author’s first attempt in extending 
this scheme was to ■ establish the intercombination lines. In the course 
of this, one observation in the existing regularities proved very fruitful. 
With Sawyer’s modification of the multiplet, the intervals between 

Ad*5p ^ same within limits of experimental erro; 

as the intervals of 4d^ sp *P?, and derived from the grotip 

-d*p*D^ as identified by Meggers and Kiess. This sitggested i^the pro- 
bability of the latter being the intercombinalion group d*s*D — (^p ^D*-' . 
Scrutiny of the plates strengthened this suggestion. (Ref: Plate XVtllA, B 
While the group *D-*F^ was unmistakable on the spectrum the * 11 — 
multiplet is too faint to be classified as such. The relative magnitude of 
the term values d*p ‘’P*’, *D^, and is also iuconsistant ; it is not in 
correspondence with the analogous spectra of V I, Cr II, and Cb I as shown 
in Table II for the term ha.s the largest value m these spectra while in 
Meggers and Kiess’s identication is higher than *D^- 

Table II 


Term 

1 V I 

1 

Cr IT 

j Cb 1 

* 

[ Mo 11 

P 

F 

D j 

25130 

26172 

26480 

j 

^9707 

5Jt94‘1 

.547«7 

1 

I 23684 

1 26440 

j 27507 


372*9'" 

4140J.8 

*I43504'SA 

1 39394 -7^ 


* A — Author’s value M— Megger’s value. 

Consideration of the Zeeman efTcct data published by Wilheliny 1 1926) 
is not conclusive but it may be significant that the Zeeman splitting jusiifies 
the classification of the and — and — groups and a 

similar confinnation is not obtained either for or as given 

by Meggers. The above considerations led to the adoption of Meggers and 
Kiess's — group as intercombinalioiis. A - scheme of quartet and 
sextet multiplets based on this view is obtained and given in Tables III 
and IV. The intensity of the new groin> ^P-*P^^ is normal : the relative 
order of magnitude of the terms referred to above is consistent (of. Table II). 
The table shows all tke groups obtained in the spectrum. Symbol in 
place of wave-number denotes that Meggers and Kiess 's identification is 
retaine’^. signifies Schauls and Sawyer’s classification. At all other 
placCvS where numerical values of the wave-numbers are given, the analysis 
is due to the author. The intensity values given are entirely from the present 




Multiplets in Mo II 



Table III {conid 
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Forty One Electron System of Molybdenum — Mo ll 


TAB1.E IV 
Term Values 


Electron 

Term 

Moll 

Cb I 

configuration 

symbol 

1 - 

. 


■ ‘ 



j O'erm 

value 

Intervals 

Term 

value 

1 Intervals 


a» 52 ^ 

-1^783.7 


11344*70 - 

— 

4 d^Ss{fiD) 

a »Di 

0 




4 d*ss^^D) 

a 

a ‘ZJ2i 
a ^Dai 
a *D4^ 

350.7 

633-85 

1116.7 

i 6 yy.ui 

250.7 

383.2 

482.9 

560.5 

0 ' 

154-19 

391.99 
^ 95 - 15 
1050.26 

I 54 c;i 9 

237.80 

303.26 

355 -OJ 

a 

aWi^ 

a 

a 

12588.6 

12875.8 

13328.8 
14030.3 

287. j 

453.0 

701.5 

8410.90 
8705.32 
9043-14 ^ 

9497-52 

294-42 

337.82 

454 38 

Ad*spm 

z ®Pl 4 

Z *P 2 l 

z *PBi 

37257-3 

37825.3 

38519-0 

568.0 

693-7 

24283.34 

24543.13 ■ ■ 

24904 .86 

259-79 
361.7J 


X 

' x^Dj)^ 

X 

X ^Di\i 

X ®D 4 i 

38166.0 

38408.5 

38793-9 

38921.9 

37697.3 

242-5 

385-4 ’ 

128.0 
- 1224.6 

26552.40 
26713 32 
26983.34 : 
27427-07 , 
27974.87 

160.92 

270.00' 

44 3-73 

547-80 


y 

34069,7 


23984,87 



y^Fii 
y ^F‘2i 
y^Fti 

y '^Fii 

y *Fr,i 

34364.6 

34830.7 
35448.5 

36215.9 

37176.2 

294-9 

466.1 

617.8 

767.4 

960.3 

24164.79 

24396.80 
24769.91 

25199.81 
25680.36 

179.92 

232.01 

373.11 

429.90 

480.55 

4 d*sp{W^ 

2 *Pi 

2 ‘Pji 

2 ■ . 

35424-7 
36239-8 1 

.37219-6 

815.0 

979-8 

22006.74 
, 23906.86 
23684.44 

1000,12 

677.58 


y *Fn 
y *Fii 
y *FBi 
y *Fn 

39 5 90.8 
39949-0 

40434-5 

41401.8 

358.2 

485-5 

967-3 

25930-01 

26060.65 

26175-79 

26440.33 

130.94 

. 105.14 

474.54 


y *i>4 

41602.8 


26717.73 



y *Dn 
y W2i 
y ^/?44 

41877.2 

42535-0 

43504.5 

274-4 

658.4 

968.9 

26936.86 

27859.70 

28096.74 

219.13 

422.84 

237-04 

Ad»sssp(^F) 

z'Di 

z»Di 4 

2 ''D24 

2 *D84 

2 ‘ 1)44 

30986.2 


19623,96 



31272. 1 

285.9 

19765.15 

141-22 

228.6 

321.96 

418.14- 


31720.9 

32478-4 

33387-5. 

448.8 

757-5 

909,1 

19993.78 

20315-74 

20733.88 

. 

2*F4 

z'fij 

2 •J’24 

2 *F84 

2 *F 4 i 
2»F«4 

28336.5 
28930.1 

29636.5 
30495-2 
32045.0 

, 593-6 

706.4 

858.7 

1549-8 

18791.09 

19036.55 

19427-90 

19916,69 

20432.11 

245-46 

391-35 • 

438.79 

515-42 
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Tablk IV (contd.) 
Term Values 


Electron 

configuration 

'rerm 

symbol 

Mo 11 

j 

Cbl 

Term 

value 

Invervals 

lerm 

value 

Intervals 

4 d’ 5 S 5 />( 6 />) 

y ‘Pji 

39878.6 


28278.25 



y ‘Paj 

40434.6 

556.0 

28652.66 

374-41 


.V *P#i 

41061.0 

626.4 

28973.12 

0.4326 


y 



25879.81 



y 

37877.4 


26067.06 

187.25 \ 


y *021 

38385.5 

508.1 

26386.36 

329.30 ' 


y ‘Del 

39185.6 

800,1 

26832.43 

446.07 


y *£>41 

40452*0 

1266.4 

27419.62 

587.19 


plates by visual estimation. The table comprises of the additional sextet- 
sextet gioups which are established from the usual general considerations such 
as relative intensities of lines, intervals and magnitude of the terms and a 
comparative study of the similar spectra. The detection of all the sextet 
terms due to the comfigarations mentioned in Table I is now complete : 
with the exception of just two terms 4^*55 (®P) sp '*5 and 

In Table IV all the term values are collected and compared with corres- 
ponding values of Cb I. For this purpose the alphabetical prefixes a, b, c 
and a;, 3', z, etc., for the terms arc retained as in Cb I. The general 
consistency in the term scheme is taken as a justification of the analysis. 
One difference between Cb I and Mo 11 may be emphasised. The deepest 
term is due to the 4d° instead of ss. This feature may be normally 
expected as arising in a row of iso-electronic atomic systems where the 
addition of md and (m + i)s electrons are concerned. 
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NEW BAND SYSTEMS OF THE TlCl MOLECULE 

By P. TIRUVENGANNA RAO 

(Received for publication^ Feb. 7, 1949) 

Plate XIX 

ABSTRACT. The speotnim of thallium chloride is photographed in a high frequency 
discharge in the first order f)f a 10 ft. concave grating, having a dispersion of 5.7 A/inm, 
Two new systems of bands, one between \ 4300— a 4150 designated here as At and the other 
between X 4150 — a 3800 designated as K, have been obtained in addition to the ultraviolet 
system around A 3200 analysed by Howell and Coulson. System R consists of about 75 
bands in all, which arc degraded in either directions while a few of them are headless and 
diffuse. System A consists of about 18 bands which are mostly degraded towards the red, 
while a few of them are violet-degraded. The vibrational analyses ?f these two systems have 
shown that the lower state, which is found to be common to both of them, is the upper slate 
of the ultraviolet system, Predissociatiou, similar to that found in the upper state 

of the ultraviolet system, is observed in the lower state of both the systems at The 

following vibrational constants have been determined for the two syaitems. 

toe' 5:^3 01.3 <*>*=^305.5 

System H I'es: 24683.3 a:*'to®"=:o.i :vV'to#"«6.5 

System A i'fj^o'^24040 too W 100, toe'W2o6 

The chlorine isotope effect observed in some bands in the two systems supports the 
vibrational analyses. 

The close proximity of these two systems suggests that the upper levels may form an 
electronic doublet. 


INTRODUCTION 

The early v^^ork on this molecule was due lo Butkow (1929) who recorded 
bands in absorption in the region A 3400 — A 3200 usiqg a dispersion of 
17^/111111. He measured 49 bands in all and ascribed them to the molecules 
TICP*' and T 1 CP^ He proposed an analysis of these bands fitted into the 
following quantum foriinila : — 

1^ — 31036.0 — 283.771'^- 1. low ''* + 428. 571'-- 202. 6n'' ^ 50.67*'''' — 4.8577'^. 

Howell and Coulson (1938) photographed the spectrum of thallium chloride 
both in emission and absorption on a Hilger Ki spectrograph having a disper- 
sion of 6 X/min. at A 3200. Hxcludiiig isotopic heads and diffuse bauds, they 
measured 59 bands and showed that Butkow s analysis is incorrect. They 
were able to identify and measure the positions of the band orign is and the 
following formulae have been derived for the Q and R heads. 

VQ = 31054.2 — 287 ('v" + i) + + iY + 216*91 (v ' -f — 6.8o(x>' + 

31079.6 + 204, oti' — — 284.81*" + o.9«i"\ 
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Confirmation of their atialysis was obtained by the variation of the v —vq 
interval in the bands in accordance with theoretical expectations and also 
from the chlorine isotope shifts observed in 38 bands. Neujmin (1934) report- 
ed diffuse bands and a continuum in absorption around X 2510 and measured 
13 bands on the red edge of this conlinuuin and 4 on the violet side of the 
baud system analysed by Howell and Coulson. He interpreted them as due 
to transitions from successive v* levels to two unstable electronic levels. The 
existence of these bands in absorption was also confirmedlby Howell and 
Coulson. 

In the course of a series of investigations on the molecular spectra of the 
diatomic halides of thallium, the author photographed the spectrum of thallium 
c^>lorjde in emission in a high frequency discharge. The following results 
have been obtained : (a) the baud system between A 3500 — A3150 analyse^ by 

Howell and Coulson, (b) a continuum and diffuse bands around A25oo observed 
by Neujmin, (c) two new systems of bands, one between A 4150 — ^A 3800 and 
the other between A 4300 — A 4150 not recorded in any previous investigation 
(See note at the end). The present paper reports the vibrational analysis Of 
these two systems attributed to the TlCl molecule. 

The experimental method for developing the emission spectrum of 
thallium chloride is the same as that for the other halides of thallium and 
described in detail previously (Rao and Rao, 1949). The spectrum was excited 
by a low power high frequency oscillator using external electrodes. The 
discharge -as bright green in colour due to the intense A 5550 T 1 line. 
Intermittent heating at regular intervals was found necessary to maintain the 
discharge. 

The spectrum was photographed on a number of spectrographs, 
(i) Hilger constant deviation (2) Hilger glass Littrow (8 — 12 A/mni. in the 
region covered by the band systems) (3) Hilger quartz I^ittrow (n A /mm. 
at A 3900) (4) 10 ft. concave grating with a dispersion of 5.7 A/mm. in the 
first order. An exposure of 45 minutes was found sulBBcient with Hilger 
constant deviation .spectrograph using Ilford Selochrome plates. Exposures 
varying from i to 2 hours were given on Ilford special rapid plates while 
using the other spectrographs. 

. Measurements were made on the band heads ; the type of band origins 
similar to those observed by Howell and Coulson in the main system are not 
observed in the new systems. The iron arc lines served as wavelength 
standards for reducing the plates. The plates taken on all the spectrographs 
vY?re measured, though band data measured from the grating plates were 
filially adopted, owing to its high dispersion. About 18 b'ands.in the less 
refraugibl system which may be designated as system A and 75 in the other 
systetn B cotild be measured in all. 
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HESCRIPTION 


OF the spectrum 

an overall picture of the two systems of han^= • .i " ^ ^ 

taken nn fR*. « * t • ysieins ot bands m the region \ 4300— A 3800 

.ts r; . 

Table J 

TlCl bands. System B 


Wave- 

length 


4124.91 
21-53 V 
19.65 V 
15-15 

XI. 37 V 
07.93 R 
04.24 D 
00.66 R 

4096.32 R 
94.70 R 
92 61 D 

90.47 V 
«5 30 V 

79.45 R 

68.69 Rj 
64.32 Vj! 

59.31 Rl 

57.03 R 
55-24 R 

52.70 

50.48 V 

47.70 V 

45.13 V 
41.82 
39. og 
38 40 V 

31.77 

27.69 

4024 00 I) 
20.21 D 

15.13 R 

08.39 R 

05.10 

00.71 

3998.16 R 
96.61 

91.75 

84.04 R 


Int. 


6 

3 

2 

4 

n 

6 

4 

5 

10 

2 

2 

1 

5 

2 

6 

2 

3 
7 


Wavenumber 


24236.1 

24256.0 

24267.1 

24291.9 

24316.0 

24336.3 

24358.2 

24379-5 

24494.1 
244 15 -o 

24427.4 

24440.2 

24471. 1 

24506.2 

24571.9 

24597.4 

24637.8 
2464X.6 

24652.5 

24668.0 

24681.5 

24698.4 

24714.1 

24734.4 
24751 I 

34755.3 

24796.0 

24821.1 

24843.9 

24867.3 
24898:8 
24940.7 

24961.1 

24988.5 

24 998,. 2 

25014.2 

25944.6 
25093-1 


Olassi' 

Wave- 


r~ 

fication 

length 

Int. 

w 


3981.88 R 

2 


3. 4 

77 73 R 

3 


0, 2 

76.46 R 

3 


•• 

73-.37 

3 


5, 5 

70 43 R 

4 


... 

68.33 

3 


4. 4 

61,70 

5 


i| 2 

57.87 

1 



5S..38 

2 


3i 3 

50*87 

2 


6. 5 

47-38 

3 



44.41 R 

3 


0, T 

/1 1.65 

I 


2, 2 

37-85 

0 


4, 3 

35-94 

2 


3, 2 

30.22 R 

I 


5. 3 

-'8.45 V 

2 


0, 0 

27.01 

1 


2. T 




7. 4 

3925.38 V 

5 


4. 2 

21.26 V 

1 



16.55 1 

1 


6, 3 

13.82 V 

3 


9, 5 

ri.84 R 

4 


1, 0 

10.30 R 



8, 4< 

09.05 

2 


8, 4 

02.76 V 

3 


7, 3 




10, 5 

3898,72 V 

3 



89,74 

2 


4, I 

86.56 R 

3 


6, 2 

83.10 V 

4 


8, 3 

79.00 D 

2 


5, 1 

73.46 V 

2 


7i 2 

67.49 V 

3 



63.92 R 

3 



6t 07 V 

3 


9. 

35 il? 

3 


12. 5 

32.88 

4 


6, 1 

28.16 R 

2 


10, 3 

23-51 V 

1 



Wavenumber 


25106.7 

25132.9 

25140.9 

25160.5 
25179.T 
25195^ 3 

25234.6 
25259-0 

25274.9 

25393.8 

25326.1 
25345 2 

25362.9 

25387.4 

25399 7 

25436-7 

25448.2 

25457-5 

25468.1 

25495.5 

25525.5 

25543.3 

25556.0 

25566.3 

25574 5 

25615-7 

25642.3 

25701.4 

25722.4 
25745-4 
25770 6 

25809.4 

25849-3 

25873.1 

25892.2 
26( 61,5 
26082 7 
26114.8 

26146.6 


Classi- 

fication 


13. 5 

5, 9 
7i J 
9, 2 

ii» 3 

6 , o 

10, 2 

15» 5 

9. 1 

11, 2 
13. 3 
16. 5 

8 , o 

12, 2 ' 


12, 2 

17, 5 

9» o 

13* 2 

I 5 i 3 


10, 0 

19. 5 

>•*•1 

11, o 
17»3 

12, o 

20, 5 
20, 3 
22, 5 
21.4 
X5# 0 


3— 1 7 12 R-*— 9 


R indicates that the band is red-degtaded 
^ o If is violet-degraded 

^ ts f, ' is diffuse 

the deg^adiition of the other bands is unctbrtain. 


396 


P. T. Rad 


degraded, The other systotn B consists of bands degraded eithef way, though 
a few of them are diffuse and headless. Bands belonging to this sys|texn are 
very intense between A. 4100 — A 4000 and these are separately shown in strip . 

(b) which is an enlargement taken on the glass Littrow instrument, . 

(c) is a reproduction of a portion of system B between A 4000— A 3800 ,t^|i;^n - 
on the 10 ft. concave grating. Strip (d) is an enlargement of systenf^,,^^ 
taken on the grating. 

The intensities of the bands are assigned visually on a o — ro scale. 

R E S TJ T S 

Table I gives the wavelength, intensity and other data of system B and 
Table II gives the data for the other system The tables ! are self-, 
explanatory. 

Tabi.e II 

TlCl bands. { 5 ystcni A 


Wave- 

IctigLh 

Int. 

Wave-number 

Classi- 

fication 

Wave- 

length 

Int. 

Wave-number 

, Classi- 
fication 

4244.21 R 

3 

32554.1.) 

2, 4 

4210.20 V 

3 

33744.7 

'3 .4, 4 

41.97 

X 

22567.3 


04 |. 2 I R 

o 

33779.0 


34 .' 1 S 

i 

23600.2 

b .s 

<>(>,50 R 


33H00.0 

. 3 ..] 

33.04 

.j 

23617.1 

- 1 , 5 *' 

4 lyg. 18 

j 

33S07..S 

3 . 3 ' 

37.13 V 

2 

23650.1 

•b 4 

94 38 1 

1 

33K35.3 


23 -3 r R 

8 

2^671.5 

0, 2 

.X,S., 15 R i 

.5 

33 K ()«.5 

'--".I 

21.8^ 

3 

23670. s 

1 ‘S 

>'' 4 . 7.5 

1 

^ 1 

'3SS9.6 

' 4. 3 ' 

17.43 R 

S 

237 e 4 -.S 

: 2, 3 

Hi.ScS V 

' 1 

339 " 7>7 

1 

7, 5 ' 

LS-/1S 

n 

23715.6 , 

2, 3 ‘ 

57 >^>5 

1 

7 

1 \ 1 

1 

: 34015.3 

' J, 


VIBRATIONAL A N A L Y vS I S OP vS Y, S T E M B ' I ; r * - 

: , I '.J ' 

' The baud system presenls a complicated appearance Owing to the absence 
of conspicuous sequences or progressions. Though most of the bands, arc 
clearly red-degraded, some of them are degraded lowd[Fcls the violet, while 
others arc headless and diffuse but intense. Such a feature, js usually observed 
in the case of band systems for which the vibrational frequencies of the 

, * '1 ' ' ‘ 

xiyiMsr and lower states are of the same order of magnitude. But this would 
mean that discrete close sequences should be noticed, which is not at all a 
prominent feature of the system- The complicated appearance, then, may 
be due to overlapping sequences due possibly to fairly large difference between 
the vibrational frequencies of the upper and lower states.' ' Such relative values 
of t»', and w", should’ ijive rise to large chlorine isotbpk separations while 
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«■«. 

the vibrattaal Quanfuui numbers of the' bind' “P™ 

Of about 287 cin% wtUte lll! 

analysis of the main band system between A established from the 

utile. The failure to build up the analysis on th^s^ba • 
the band system has not been obtained in ab t reasonable as 

gation. The possibility of analysing th- “”y previous in vcsti- 

and the violet-degraded bauds iLo aLther t ""f one system 

After a number of attempts, it was found 

100 wavenumber units is found to 1 Jnterval of approximately 

^ few progressions in the system! 

arranged in a Deslandei ’s scheme The ^'i ^re 

levels of the lower state of this system a!e'f vibrational 

magnitude as those of the upper state «ame order of 

was considered that the upper state !f t , • 

state of the present system. Un this basis !h '"T 

Jabie III could be built up to .nchid^^^^^^^^ -trix showm in 

The cla.ssificatioh of the bands is shown in the last col^^^^^Tm 
™ost intense band in the — is cJ: 
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Tablh. IV 

Intensity Distribution in System B, 



abnormal intensity of this band may partly be due to the superposition of the 
(0,3) band at k 4059.4 of the second positive system of Nj. Some bands in the 
{v', o) progression can as well be fitted in the {v'> 1) progression since in this 
region of the table the upper state vibrational level interval is about one-half 
of that of the lower state. The absence of some bands in the iv', 4) progres- 
sion is probably due to the overlapping of some of the bands of the (v', i) 
progression. 

Since band origins similar to those observed in the main system are not 
observed in the present system, the wavenumber data for the band heads 
(R or P) only are represented in the scheme. The differences between R — R 
heads and P — P heads we’ e used in the evaluation of the vibrational constants 
taking band bead data for which accurate measurements have been possible. 
The Vf values calculated from bauds distributed all over the scheme are found 
to be fairly consistent. The band heads can be represented by the following 
quantum formula 

t'=24683.3+ (101.3 u'.-o.i (206.5 u" — 6.5 «"*) 

The following points lend support to the analysis proposed here. 

(i) The absence of bands with indicates a clear case of predissocia- 

tion ii the lower state of this system. This gives further justification for 
identifying this level with the upper state of the main system in which such a 
predissociation was also noticed by Howell and Goulson at v''** 5. Thus one of 
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the electronic levels involved in the emission of this band; system is one which 
is well established for this molecule. 

(a) The intensity distribution in the system is shown in Table IV. It can be 
seen that the locus of the strongest bands falls on a typical condon curve 
which is to be expected with such relative values of o>, as occur here. The 
curve is neither a narrow parabola which means that w, values are of the same 
order nor a wdie open parabola in which case oj, of one state is a small fraction 
of that of the other. 

(3) The isotopic shifts for Tl*** Cl*' molecule are calculated with the 
help of the formula 

V,— V = (p— I ) (P*— I ) (A-eWu'®— 

In spite of the large difference between «»„' and to/, the expected sei)arations 
in many cases are small, for the relative values of v' and v" are such that 
the main terra in the above equation becomes small. In such cases, the 
isotopic heads must have been either unresolved or lost in the degradation of 
the main bands. However, for bands involving high v' values, the predicted 
separations are indeed large ; but such bands are either faint or the calculated 
positions of the isotopic components coincide with neighbouring main bands. 
The following two favouraBlfe ^nds for which isotopic heads have been 
observed with certainty, show separations which are in agreement with the 
predicted values, as shown in Table V. 

Table V 


Band | 

i 

Calc, isotopic 
separation 

Obs. isotopic 
separation 

8,4 

4.2 

4.2 

X2,2 

18.4 

19-9 


VIBRATIONAL ANALYSIS OF SYSTEM A 

This system occuring between A. 4300-A 4150 consists mostly of bands 
degraded towards the red, though a few of them are violet-degraded. A 
prominent feature which distinguishes this .system from the other is the 
appearance of the chlorine isotopic heads. For about five bauds the Tl*®* Cl*' 
isotopic components could be detected with certainty. The most intense 
band at vn 23671.5 cannot be regarded as the (0,0) band, since with such a 
classification it was not possible to account for the isotoi>e splitting of the 
order of 8 wavenumber units. A close examination of the system revealed 
that the prominent bands at A 4188.45, 4217.43. 4244-21 form an obvious 
progression. The order of the AG{d) intervals between these bands suggest- 
ed that the lower state of this system is the same as that of the other system. 
On this basis, the quantum array shown in Table VI is built up. The 
chussification of the bands is shown in the last column of Table II. 







If,,, The A(r(i’') intervals suggest tljat the upper slate frequency of; this sy^tej(n 
, same wder of mag-ijjtude that of the upper state of system 


i'^,th0 number of the vibi:afis(Ui»li coojfte^^tSr^unot rjustafiably ;l^cj- 

t^e^^fittiped . The following values may.; howevef> be suggested ' , , 


.. I* ■ ,Vo,d 24040 cm"*. wi'~ibo, o)/~'ao6 (same as for system B) 


Considering that the lower state is common to both the systems and that tfhfe 
upper vibrational constants are §i>pr.t)i,xiraately equal, the approximate 
predicted Tl^"” Cl®^ isotopic separations may be compared with those observed 
in 5 bands.r,ab sbpvifn in Table VII. ,, » u. * ;i« 

■ it i!!'. . 

Tabi,e VII 


Baud 

Approx . -calc . isotopic 

Obs isotopic 


separatiou 

separation 

I 

0,2 

:r ’ ' ' ' ' ' ' ■ 9*.^ ■ " V 

^ ■ = 8-3 " 


7-4 . 



» lO.O 

, . , 12.4 . 1 ' 

" '* 3,3 

" " i'o ’ 

' fs '' 

• ' ' ; '.11 

y , ^ ‘ H '' 


4.5 

7.1 

,« 1 ' , , T 

7^9 

,3 40 ^^ 


This table shows that the observed sJpErations airt) of the satne. order as the^ 
predicted vahies calculated from app^ximate values d# vibrationabcohstahts. ' - 
..jh^The absence of bands with v" >• s is noteworthyiowltich indicated a 
case' of predissodatwi itt'the lower state of this systeiml Thi* is'a fut'tffef ? 
justification fori the identification of this level tvitb'thn loWer stfite of the other 
system. Itiis prbbtible that there is predissoCiatibn iff the-ilpper srt^te alsd*’ 
as ithe number bf v' level! observed is limited. This explains whyi ft'fe'^ 
bands alone are ' dbse^d in <the ' system. ^ TIhe intehisit)il diatributidn iti th%' 
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bands'' is sho^fi j-n 'I^bte VTII. 'As the separatibii of f&fii (tijb) bauds 6f 'thbSfe' 
tw© i#sreMsl>fe ' hpprokittiatdy 580 cirf^\ if is very pfobaWe that theiibpbf’- 

levels inaj^ fo^W ah eleefrbnic'"doublet; * ' 

, ■ TABUtVIH ' ■■ ■ ■ 



RLECTKONIO T R A. N S I T I O N S IN T1 Ql , 

The electronic states of the related group III' elements Al, Ga, In* etc. 
have been discussed by Miescher and W'ehdi ' (i9^i'4 &'i935), Howell and others. 
HoKst (1934) and Jenuergren (1948) have established the. .ground spates 
of the molecules AlCl and A.tBr as By apalogy, the other molecules 

may in all probability be a sirailar Miescher and Wehrli consider that 
the doublet systems observed in the Ga and In halide' spectra are due to 
forbidden transitions between the ground letrd and certain compoYiedts ’6f a 
triplet level. Both of tliese systems have a common lower state arising 
from the electron configuration cr®n-^. The excitation of one of the n electrons 
produces the configuration ir®!r®o- giving rise to the molecular states 
and ’n. (inverted) Howell suggested that the doublet 
sysk'm in TIF may be identified as due to a forbidden transition ’ 11 , — ’S* and 
’ll, — 'S*, and the singlet .system occurring on the violet side as due to the 
transition ’ll — In TlCl, Howell and Coulson found only one component 
of the doublet system which was identified as due to the transition ''II, — ’S'* . 
They also suggested that the diffuse bands and continuum in TlCl around A 
2500 may be due to the transition ’H — The vibrational analysis of the 
two new systems analysed in the present work have shown that the lower 
state of these two systems is the upper state of the system *,n — Hence 
the lower state of the two systems is a ’ll,. To identify the upper states, it 
is necessary to examine the next higher states resulting from the configuration 
This configuration will give rise to states ’A, ’S' and *A. 

The close proximity of the two systems suggests that the upper states may 
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form an electronic doublet. Hence the upper states are to be identified as two 
members of a triplet level. Since the lower state is a ’Hi, the upper states 
may be the members of either ’A or a "II term. Since the doublet separation 
is only of the order of 580 cm."‘ it appears more probable that the upper 
states may be two members of a "A term, which is one of the excited states 
of the electron configuration <r*v*n. 

The author has recently received from Prof. E. 1 Miescher (1941) the 
reprint of his paper on band spectrum of thallium chloride, in which he 
recorded some of the bands in both the systems reported here, but no 
analysis was presented for these bands. 
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RADIATION RESISTANCE OF SKEW-WIRE RADIO 
FREQUENCY TRANSMISSION LINES 

Bv S. S. BANKRJEE and R. R, MEHROTRA 

(Received for publication, April 19, J949) 

ABSTRACT, All equation has been developed for calculating the radiation resistance 
of skew -wire high frequency transmission lines, by the method of ‘ induced e.m.f.' It 
has been shown that the general formula derived can be applied for any orientation of the 
_ transmission lines with respect to each other. In view of the practical layout design of 
transmission lines, six special case.s of orientation of the lines have been considered, foi 
which the expressions for radiation resistance have been deduced mathemarically and 
verided by independent process. Finally, for practical verification of the expressions 
obtained, the variation of radiation resistance of skew-wire transmission lines without 
taper when the angle of elevation of one of the wires i.s increased, has been experimentally 
determined. 


INTRODUCTION 

The Study of the radiation resistance of transmission lines has recently 
gained considerable imijortance due to their w'ide applications at very high 
frequencie.s. Radiation resistance of parallel and coplauar tapered-wire 
in high Irequency transmission lines and the effects of bends and durves of 
various types on the same have been studied by one of us (Banerjee, 1935 ; 
Banerjee and Singh, 1936) previously. It may be mentioned however, that 
the transinission lines instead of always being coplauar may happep to be 
skew owing to the unavoidable layout of the transmission lines. In the 
present communication we have developed a general formula for the calcula- 
tion of radiation resistance for half wave length long skew-wire transmission 
lines, with any kind of orientation of the two wires with respect to each 
other. For the practical use of the problems six special cases have been 
considered for different orientations of the lines for which the expressions 
for radiation resistance have been deduced from the general equation and 
verified independently by the method of * induced e.m.f.' 

theoretical CONSIDERATIONS 

Eet BP and CK in Fig. j represent two skew-wires half wavelength 
long. The total radiation resistance Rv of the two wires of transmission 
lines when the currents in them are in antiphase is given by 

4— 1718P— 9 
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Fig. I 


where Rn is the radiation resistance of one of the wires and is the 
radiation resistance of one wire due to the other. R,, can be calculated after 
Pistolkors fiQ^g) and Banerjee (1935). Rja'/can be^calculated' from the 
relation, ,! , , 




(a) 


'W'here E, is the value of electric field at any point O along: the 'wire a^dfie- '-Ho 
the current in the wire i (Fig. i). For ihe'csalculatiota df'iE; 'we have to find 
out the value of electric intensity £* parallel' to the wire ij aiid E,( ^^>^rpertdl- 
icu'lar to this direction as shown, in Fig. 1. We will -then havte, ' - 



Ei cos + Ef, cos f 




where ii.is the angle belw'eeu Ex and the.wi^e; 2, and 0 ;i&,tBe angle between 
Ep and the- same wire. By evaluating and Ep jafter , (.1932) it may 

beshown that ■■ '.iti ' ' ■'■v/ 


Ri2 = 30 f ifsin (mr) dr + 30 / 

J 72 ^ 

V O 


sin {mr)dr 



■mr 7-1 '''^' ’’’ * ' ' ' ‘ 


P'sin 'mTfl ; 

.30 j , TTp— 

r sin ntfi Z ^ . 

■ 30 / • — ‘^08 ^ sin (wr) dr 


— k), 
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where m = ajr/A, /= length of the wires, / and p arc the coordinates of the 
point O with reference to wire i, and ri and tj are the distances of the point 
O from the input and output ends respectively of wire i. Thus, knowing 
the values of /, p, r,, r^, ^ and ^ from the orientation of the lines, the 
radiation resistance, can be calculated with the help of equation (4). For 
representing the orientation of the lines for the general case of skew-wires 
a reference plane is taken which is defined as the plane containing one wire 
and the line joining the input ends of the w'ires. The angle which the other 
wire makes with the reference plane is the angle of elevation. The reference 
plane mentioned above is the plane of the paper in Fig. i. Wire i lies on 
this plane and wire 2 makes an angle of elevation 0 with this plane. CM 
represents the projection of wire 2 on the reference plane and therefore 
angle MCR » angle 0 . The tapering angles for these wires may be represent- 
ed by the angles which these wires, or their projections on the reference 
plane, make with the lines drawn on the reference plane perpendicular to 
the line joining the input ends of the transmission lines. In Fig. r, angle 
PEN and angle MCH, represented by '"■i and respectively, are the tapering 
angles of wires 1 and 2 . 

Now, for evaluating Z, p, r,, r-, and ^ take any point 0 on the wire 2, 
at a distance r from the input end of this wire. From O draw a line OA 
perpendicular to wire i. AD is the projection of the line OA on the reference 
plane. Draw CE perpendicular to AD and BF perpendicular to CD. It will 
be seen from the diagram that /LCBF — LECH = 


Now AB = CE-CF = CD cos (« + ^) - k sin a, 

and, as CD = t cos 6*, Z = r cos 0 cos (a + ^)-k sin « ... (s) 


p = OA = ^/aW+OD^ - ^{AE + EDY + OD’^ 


As AE = BF = k cos a, and ED = CD sin (a + ZJ) = r cos 6 sin (« + / 3 ) 

we get p— V {r cos 0 sin {* + / 3 ) + cos + r* sin® 0 ••• (6) 

n = OB = s/^+zF (7) 

Ti— OP = n/ p^ + {l~ Z)^ 

For calculating the angles 0 and join AC and OE. In the A A CO the 
angle .<400 = 0 and 


COS0 


r® + p®-A C® 

arp 


Now AC* = Cil® + B4*-2CB.B^ cos ( 6 B 4 ) = fe* + Z* + 2feZ sin « 


r® •+• p® - fe® - Z* - 2 feZ sin« 
zrp 


0 = cos' 


(9) 
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For calculating ^ triangle CEO is considered in which angle OCE — ^ 

cos c os^(« + /3j - OD^-DE* 

2 ■ OC.CE 2f“ cos 6 cos(x -i- ft) 


z= cos’B cos ' (“ + ft)— r~ sin‘‘‘6< — r'^ cos^^^ sin° + /3) 
2r“ cos 0 cos (« + ^1 

= cos (« + /3) cos^ 

^ = cos"’ [cos {o^ + ft} cosd*] 


(lo) 


The six special cases mentioned previously have been considered below 
for calculation of radiation resistance. It may be mentioned, however, that 
as fj and are functions of p and Z, we will consider the expressions^ for 
Z, p, <p and ^ only in the following cases. 

Case I. Skew wires with single taper, (% = o). 

Substituting a = o in equations (5), (6), (9) and (10) we get 

Z = 1 cos 6 cos ft 

= V [r cos 6 cos /3 + fe] ® + r® sin®^ 


0 = cos"’ 


2 rp 


= cos"’[cos ft cos 9 \ 

Case 2. Skew-wires without taper. ^ ■ , 

For this case, « = ft=o, which gives from the same equations as 
mentioned in case r, 

Z — r cos 0 
p = V fc” + »■* sin®^ 


<(' = cos"’ 


r sin®0 
P 


and ^ — 0 


Case 3. Coplanar tapered wire. 

For coplanar wires 0 = o and sub.stitutiug this in equations (5), (6), 
(9) and (10) we get, 

Z = r cos (* + /3)-- sin a ' 

P = k cos a + r sin {« + ft) 

0= [»r,'a -(« + ^)] and ^ = (« + ^) 
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Case 4. Coplanar wires with equal taper. ' 

In tliis case ff = o and » =* /3 and we have 

Z = r cos 3« — fe sin « • ' 

‘ p = T sin 2^+.k cos a 

0 = (-t/ a — 2*) and \j/ ~ za 
Case 5. Coplanar w'ires with single taper = “=o). 

This will give, 

7. = r cos ii, p = k ^ r ft ■ ’ ' ' 

0 = n-/2-/3 and ^ — ft ■ ■ • ■ . . ■ ; 

Case 6. Parallel w’ires. , , 

This is obtained by making 0 a = ft o which leads to the’ Usual 
expressions given as, 

Z = r, p — fe, 0 = JT/a and 1/' = o ' ■ 

values of Z, p, 0 and ^ obtained in the above equations have been verified 
by evaluating them from their actual orientations, the diagramatic represen- 
tations of which have not been shown separately. 

KXPERIMBNTAL 

The radiation resistance of skew wire transmission lines with any orienta- 
tion can be determined experimentally by the method adopted by Banerjee 
(1935! and subsequently by Banerjee and Singh (1936) for measuring the 
radiation resistance of parallel and coplanar tapered transmission lines. In 
the present communication, however, the variation of radiation resistance of 
untapered skew-wires as described in case 2, in the previous section, has been 
experimentally determined, when the angle of elevation of one of the wires 
is increased. 

In the case of skew-wires the mean ratliation resistance per unit length 
is obtained from the relation 

R s= i^s/LiC, 

where ^ is the allenuation constant, and, L and C are the mean values of 
inductance and capacity per unit length of the wires. The mean value of 

n/LjC can be written as, 

/ ' ' ' ^/-ir'Ti'^B "si+iF ' t ■ ' 

1 _ j . 

^ i t 
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where d is the diameter of the wire and x is the separation between the wires, 
denoted by the distance between any two points on the two transmission 
lines which are equidistant from their respective input ends. After integrat- 
ing the above expression, we get, 


120 


v'2l®Ii-cos0) + fe®’"fe 


V'2l*(l-C03e) + fe*-felog.^+fe 

a 


2^(1 - COS^) + fe* 


2fe 


log , 2v'2i’‘(r-cosg) + fe’‘ ^ 


The attenuation constant « is determined experimentally as stated above, 
by drawing resonance curves obtained by noting the deflections in a sensitive 
galvanometer at the input end of the transmission lines as a short circuiting 
bridge is moved along the lines. It should be mentioned, however, that the 
short circuiting metal bridge is moved along the length of the wires in such 
a way that the points of contact of the bridge with the wires may be 
equidistant from their respective input ends. Thus finding out ot and tlxe 
mean value of V h fC, radiation resistance is obtained for various angles o| 
elevation of one of the wires. 


TabivB I 


Wavelength— 254.0 cm. 
Distance between input ends — 5.0 cm. 


Angle of elevation 

Total radiation 
resistance in ohm.s 
(observed) 

Total radiation 
resistance in ohms 
^calculated) 

0" 

- 1 ' ' 4 ''* 

6 * 

5-0 

10.49 

14. II 

15.39 

5.92 

10.19 

14.01 

15.34 


Table I shows the ladiation resistance of untapered skew-wire transmis- 
sion Unes half w'ave-length long when angle of elevation, 0 , of one of the 
lines is increased. Cdlumn 2 contains the experimentally observed valufes of 

radiation resistance and column 3 gives the calculated values for comparison. 

It may be mentioned, how'ever, that as the experimentally observed values of 
radiation resistance include the ohmic resistance of the lines, the values shown 
ill column 2 contain the sum of radiation resistance calculated from equa- 
tion (4) and riie high Frequency ohmic resistance of the lines. Fig. 2 shows 
the variation of radiation resistance of untapered skew-wire transmission 
lines, as the angle of elevation of one of the lines is increased. The dotted 
line shows the calculated variation of radiation resistance and the continuous 
one represents the experimental variation. 
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^ 2 . 4 ,6 S 

.. Angle of elevation in degrees--^- , i . 

'I Fig. 2 ' ' ' . 

SUMMARY A HD CONCUUSIOM ' 

A genera] formula for calculating radiation resistance of dcew-wire radio- 
frequency transmission lines has been obtained by the method of 'induced 
e.in.f.’ It has been shown ^hat wi^th the help of this formula radiation 
resistance can be calculated for any orientation of the transmission lines with 
iespect to each of her, and equation for six special cases of orientation of the 
lines -have been derived froin the general' formula and verified independently. 
For the sake of pracl'icdl interest',' the variation of radiation -residtiince ittl'-JC^ie 
of the above cases, namely j * for Skew-a'ire ti^nsmissio'n lines 'Without 
^vkhn the angle df elevation of one' of the i^ires is increas'ed, has been verified 
experimentally. r ' ■ f , ■ . . . j), -t 

■ • ■ . .■•--.v.fl, ' • • ■ 

..ji . ACKNOWLEDGMENTS 

In condusiou tha authors have pleasure tp recordrtheir sincere ^ thanks to 
Principal M. Sengupta and . Prof. CJ. C. Mukerjee for.,their kind [nfen^St iyin^the 
above investigation.! . ,!!■, , ■■ . \ 

. filiCTXON O? OOMMOXICAaiON , , ,'f . P 

EwirNKiSKING ANn APPUET/PHVSrOU - . , ■ =j. 

fi ■ ^ESCUuitBBl-NlG CoitKClt.J ' ' ■ ' . . ■ . . ' 

, PtNOU UmVltBSlTV, _ ^ . 

L-c r ' ,■ .,‘r 

§/h\, {i9is)gT%U 7^4 ^ - . ' . . ' 41 ' ■ V 

S'rkj ao^ ^in#; Ba P/rW; Ma^/; ^ 

Ptatolkors» A. A., (19:29)1 Ra 4 . Eng,^ 17 , 562, -;xv :,Mri J: :c : 7; 



45 


THE PRINCIPAL MAGNETIC SUSCEPTIBILITIES OF SINGLE 
CRYSTALS OF RARE EAR! H SALTS AT LOW TEM- 
PERATURES. PART III— NEODYMIUM SALTS 

By a. MOOKHERJI 

{Received fot publication, June sy iQ^ig) 

ABSTRACT. The principal susceptibilities of neodymium salts have been measjQred 
from room temperature down to liquid air temperature. The results are discussed in 
of Crystalline Field Theory. It is found that (i) though the mean susceptibility cah be 
explained satisfactorily on the basis of a single cubic field even of the fourth degree, \the 
absolute magnitude of the fourth order cubic field estimated in this manner froniW" 
magnetic data will not be correct, (2) the cubic part of the field in the variou.s iiebdymittm 
salts estimated from magnetic data on the assumption that the cubic part of the field is 
wholly of the fourth degree, is found to vary markedly from crystal to crystal. (3) The 
influence of the fourth and six degree terms of the cubic field on the Stark splitting of the 
rare earth ions and in crystals, and their large magnetic anisotropy go to show that the 
low lying energy levels as observed in absorption spectra cannot be attributed to cubic 
field alone. If/ The neodymium sulphate rotates by about 7"* In the ranpe 

studied. 

1 N T H O D U C T 1 O N * 

Peuney anej Schlapp (1932) have attempted to estimate the character and 
the size of the crystalline electric field acting on the Nd'^'^'^ion in crystals. 
They find that a cubic field of fourth degree represented by D{x* + y* + 2*) gives 
quite a good agreement with the measurement of Nd^fSO.lsSHzO by Gorter 
and de Haas (1931)- These values of magnetic measurements give a crys- 
talline electric field which is about three limes higher than the field estimated 
from the magnetic measurements of Zernicke and James (1926) and St. Meyer 
(1925). In spite of these discrepancies one fact stands out clearly that the . 
effective mean square moment as determined by each set of workers can be 
explained on the assumption of a single suitable cubic field (different foi 
different workers) w’hich is the same at all temperatures iathe range studied. 

The cubic field referred to is generally regarded as of the fourth degree 
and though the mean of the three principal susceptibilities can be explained 
satisfactorily on the basis of such a field — ^but the absolute magnitude of 
this fourth degree field *as estimated by Penney and Schlapp and others 
(Spedding, 1937) will not be correct, since the sixth degree terms of the cubic 
field also infiuences the susceptibility of the Nd^^^ion, and the magnitudes 
of the fourth degree and six degree terms in the crystals of, Nd^*^ions 
are not known. 
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In this communication is reported the magnetic measurements on single 
crystals of neodymium salts from room temperature to liquid air temperature. 
The results are discussed in terms of the ground level split by the cubic 
field of fourth and sixth degrees. The calculations of the low lying energy 
levels from the measurements on absorption spectra of the rare earth ions 
in crystals are also discussed. 

EXPERIMENTAL 

Crystals were grown out of aqueous solution of highly pure rare earth 
specimens, a gift from Professor Troinb6 of Paris University. 

The experimental methods used in these measurements were the same 
as adopted' in our previous measurements on cerium salts (Mookherji, 1949). 

I 

RESULTS 

The results of measurements are collected in Tables I to IV. The nature 
of variation of magnetic anisotropy and of the square of the principal moments 
with absolute temperatures are shown in Figs, i to s'. 

Notations and diamagnetic corrections used in this paper arc the same 
as adopted in our previous paj^er on cerium salts. 

MAONETIC UEHAvI^'>UR op .ION IN FOURTH AND 

S.irXTH DEGREE CUBIC FIELD 

The ground state of the Nd*** ion is The next higher level is 

separated from it by about 2510 cm“^ and hence in neodymium salts at all 
ordinary temperatures, the higher level will have very little influence on the 
magnetic properties- 



T*K 
Fjg. !• 

. , -NajfSO^,. pHjsP 


S^i7iaP— 9 



2 
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Fig. 2 


Nd« (804)3. SHjO 



Fig. 3 

NditCSO*):,, 8HjO 
- — Gorter 
X — Jackson 
D — Author 



Fig. 4 

NdjMgsCNOj)!,, 24 HaO 




Crystal 


Ndg (804)3, 8H2O 


NdflMg*(NOa)iji, 

a^HfiO 


Crystallo- 

graphic 

data 


Mouoclinic 

pristn 

a :b :c 

2.983 .•i:t .997 

i8=ii8*8' 


Mode of 
suspension 


"6’ axis vertical 
axis vertical 
(001) pi. hor. 


Orienta- 
tion in the 
field 


0- + 14*6 

'i?’ axis along 
field 

axis along 
field 

I Trig. Axis normar 
to field 


Ax 


g6o 

188 

1016 


Magnetic 

Anisotropy 


Xi-X2 = 96 o 

Xi-X3 = -xs:i 

Cal =12.9 
Xj*-XI1 *^636 


Trigonal 


Trig. Axis 
horizontal 


636 
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Table II 

Absolute Susceptibility along a convenient direction 


Crystal 

Direction 
along which 
susceptibility 
was measured 

Temp. 

"C 

Density of 
the crystal 

Vol. 

Susceptibi- 

lity 

Corres- 
ponding 
gm. mol. 
sucept. 

Cortesponding 
gm. mol. 
sucept. at /jo'C 

Ndj (804)3, 8H2O 

Along xi“-axis 

3^*5 

00 

00 

c> 

41-93 

XOIIO 

10130 

NdjMgjfNOalii, 

24H2O 

Normal to 
Trig, axis 

28.0 

2.18s 

12.67 i 

9610 

V "9550 


Unlike cerium, and praseodyraium,- the gilitting of the jepergy levels 
of Nd^'^^-ion in a cubic field depends on whethejr the cubic field itf^yolves only 
the fourth degree terms or, in addition, terms of the sixth degree also. 
This is particularly so with the seiJ^rations of the lower levels as vidli be 
seen from Table V taken from a,.papeir by Kynch (1937) which givesUhe 
energy levels, under a cubic field involving fourth degree terms, only and 
also under a cubic field involving both fourth degree and sixth degree terms. 
The magnitudes of these twp groups being chosen on the basis ol‘ known 
distance of the negatively charged atoms surrounding the Nd^"* ^ -ion in the 
crystal. ;• 

Hence in neodymium salts the estimate of the magnitude of the cubic 
part of the field from the observed mean susfceptibility data will be very 
different according as we choose fourth degree terms alone or jnclpde sixth 
degree terms also. Taking, for example, NdjfvSOJa. SHjQ in which the crys- 
talline field in the npighbourhopd_pf_N,d'‘ cannot be ih^h different from 
that in the neighbourhood of Pr*V'ion ni .tjje crystaj pf Pr2(SPi)3, 8HaO, 
since the two crystals are isomorphous, tve find that, with a cubic field of the 
fourth degree, the energy levels will be given by (Penney and Schlapp, 1932) 

- == '2o:gsA 

W^=W, = '^.iiA (i) 

where ‘ ^>1 ' is a. constant of the fourth degree cubic field. - lf.-the.fields-are • 
exactly the same iiti the praseodymium and neodymium .salts, A^alaTi should 
be equal to 17.8 according to the calculation of Penney-and Kyndh (1936)- '* 
Now assuming a purely fourth degree cubic field_ for neodymiumjL the 
mean of the three principal susceptibilities will be j^giyep by (Penney and 
Schlapp, 1932) . i 5 

[(;i483ei9i)9>'+ .239e-9'if'-.3879e-to-^5>')' 

A. 

+ (6.o65e^9>39»'-(- 4.03ie“9in' + 1 .68e“2o-9sj')] 

+ [,2ei9- i^*'-t2e-9-2n' + f!”2o-95»'] ‘ .. .feT* 


where v~ A jkT 
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Table III 

) 

Temperature variation of Magnetic Anisotropy 




Suspension used for measurement 

■1 1 1 

, (, 

Crystal 

Temp. 

•K 

axis vertical 

'a’ axis vertical ^ 

X3-X1 




X1-X2 

Xj-Xi cos*«-xj sin®» 




300 

998 

TO4O 

103 

+ 14-6 


280 

1190 

1160 


T4.4 


260 

1410 

1340 . 

9 

13-95 


240 

16S0 

1540 

- 45 

13-6 


220 

1980 

1780 

- 87 

13.6 

Ndj(S04!3, 8H2O 

200 

2300 

2040 

“I28 

13.6 


,180 

2700 


- 19 /| 

13-6 


160 

3200 

2S10 

— 22X 

13-25 


140 

3880 

3270* 

—428 

12.4 


120 

4540 

373 ^^ 

-636 



100 

5200 

4260 

- -790 

— 9:6 


85 

5670 

4660 

. L- 

-918 

7,0 



1 

Trigonal axis horizontal i 






XJL-Xu 

L 

( ' 

. ; " J , V- 


300 

i 

668 1 


, 


280 


807 




^ 260 


96s 



Nd 2 Mg 3 (N 03 ha, 

1 240 1 


1150 ! 



24H2O 

' , , , 1 


' 




320 j 


1360 




206 


1620 



' 'l , 

180 


1930 




i6o 


2360 



1 1 

140 


3080 , 




■H ^ 






120 


4120 




100 


5440 




85 


7040 
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Table IV 


I'eraperature variation of Principal Siisceptibilities 


Crystal and direction 
along which measure- 

Temp. 

X'l 

X'2 

X^ 

x' 


j 



2 

ment was taken 





V 






1 

300 

xo5?o 

9520 

10620 

103201 

12-73 

11,52 

12.89 

12-36 


280 

11460 

10370 

11500 

10740 

12.94 

11.60 

12.98 

14. 50 

' 

260 

12400 

iiodo 

12410 

T1600 

13.00 

!ii.52 

13.01 

12.50 

j 

240 

13400 

11720 

13350 

IJ940 

12.96 

11-34 

12.91 

12.42 

Nd,(SOil3 BHaO, 

220 

14590 

12610 

14500 

13900 

12.94 

.IT.U) 

12.86 

12 

•33 

Along xi-axis 

300 

16020 

13720 

15890 

15210 

12.92 

11.07 

12. 81 


•27 


180 . 

1 7960 

15250 

17760 

16990 

^ 3-^‘3 

,n.o8 

12.89 

1-] 

bs 



20270 

17070 

20050 

19130 

' 3-07 

,11.01 

12.91 

12 

V 


140 

23280 

19400 

22850 

21840 

13-14 

10.95 

12.91 

13 

■38 


3 20 

26550 

22010 

25910 

24820 

12.84 

10,64 

i 2 p 54 

12.01 


100 


25110 

29520 

28310 

12.22 

,10.12 

11.91 

11-75 


85 

35350 

29680 

34430 

33820 

12.12 

10.17 

11.80 

11.36 



' xx 

1 X'li 

x ' 

Mi* 

11 2 


«• 




300 

10290 

9620 

10070 

12.45 

22.63 

12.18 





280 

10790 

9980 

10520 

J2.i8 

n.iS 

11.84 




NdjMga(N03)u. 

34H2O 

260 

Jti35o 

10380 

11030 

11.99 

10.88 

11. 56 




240 

12360 

111 10 

ij88o 

n.Sy 

10,75 

11.50 




Along xj-axis 

220 

12840 

11840 

12840 

11.39 

10.18 

lb.99 





200 

13740 

12120 

13200 

11.08 

9.772 

lb.64 





180 

14730 

12800 

14090 

to.6g 

9.287 

10.22 





160 

15880 

13520 

15090 

10.24 

8-742 

9-733 





X40 

171J0 

14030 

16080 

9-658 

7.980 

9.076 





120 

18830 

14710 

1 20400 

9.724 

7.120 

8.45^ 





100 

20900 

15460 

! 26050 8.427 

1 i 

6.233 

7.690 





^^5 

32900 

T5860 

! 28190 

1 

7.898 ■ 

5-466 

7.050 

’ 
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Table V ‘ 

Only Fourth degree terms o, 63.8 278.6 cm"’ 

Sixth degree terms also included 0, 33.7 204.8 cm"’ 

The value of A which fits best with experimental data is . 4 = -7.0 cm"’ ; 
the observed and calculated values are shown in Table VI. 

Table VI 
* 

-7.0 

Temperature 


300 12*7 12.5 

200 12.6 T2,3 

100 I 11.8 11.8 

85 I ti.6 II. 4 

This value of A will correspond to a = - .393 for Pr^ ion in the same fieWi 
whereas the actual value of ‘ a ’ for Pr**^ ion deduced directly from the 
magnetic data for Pr2(S04)3i 8HaO is — 585 ctn“^ (Mookherji, 1949). 

The discrepancy is evidently due to the occurrence of the sixth degree 
terms in the actual fields (the second degree terms, which represent the 
rhombic part of the field, will not affect the mean square moment 
appreciably). 

The discrepancy is even more striking in NdaMgs(Noj)is, 24HaO of 
which A calculated from the magnetic measurements on the assumption of 
fourth degree cubic terms alone come out as ^4 = — 32 cra”^ which will be 
equivalent to a=— i.8cm“’ for Pr'^*'^ ion in the same field, whereas the 
value of ‘a’ calculated directly from the magnetic measurements on Pr* Mg* 
(NO,,)ia, 24H2O (Mookherji, 1948) in which the crystal field is presumably 
-the same as in NdaMga(N03)i2i 24HsO is a= -0.508 cm”*- 

It is clear from the foregoing discussions that while in cerium, and 
to a good approximation in praseodymium also, the estimate of the cubic 
field, assumed to be wholly of the fourth degree, from the magnetic data 
will be of correct magnitude, it will not be so in Nd'^'^'*' ion, and hence 
any estimate of the cubic field from the magnetic data will be unreliable 
in the absence of previous knowledge regarding the relative magnitudes 

of the two types of terms- . • • 1. 

This is evidently the explanation of the enormous variation m the 
magnetic behaviour of Nd""Mon in different salts of neodymium ; whereas 
ip cerium and praseodymium salts the magnetic behaviour does not show 
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such marked variations : this is due to the fourth degree terms of the cubic 
field being of nearly the same order in all salts but not the sixth degree 
terms. ■ i . . 

For the octahydrated sulphate magnetic data at very low temperatures 
are available for the mean susceptibility from the measurements of Gdrter 
and de Haas (1931) on the powder crystal and for the principal susceptibilities 
from those of Jackson (1939) on single crystals. These data are given in 
Tables VII and VIII for comparison. 

It has been observed that Xj“axis of Nd2(S04)a, 8 H *0 crystals rotate 
through 7 degrees as the temperature is lowered from 3oo“K to 85®K. 

Tabi,e VII 


T‘K 

300 

288.5 

200 

JOO 

20.4 

M* 

It .5 

II.4 

10.7 

9.1 

4.86 


Table VIII 


. T*K 

290 

930 

170 

120 

90 

75 

65 

20 

^*1* 


12.96 

T2.40 

11.^7 

10.54 

9-78 

9-39 

7.06 


15.95 

IT . 33 

in. 38 

9 'T 3 

8,56 

8.12 

7.76 

4.08 



12 63 

11.89 

10.86 

9.98 

9-32 

8.75 , 

5.33 


12.72 

12.30 

11-59 

10.49 

9.69 

9.07 

8.63 

5-49 


THE ABvSORPTlON SPECTRA IN REbATI ON TO THE 
SEPARATION OF LEVELS IN A CUBIC FIELD 

Extensive measurements have been made on the absorption spectra of 
the rare earth salts, both in solid state and in aqueous solutions, particularly 
b^. Spedding , (.1937) . and Freed (1931) and their collaborators. From the 
absorption measurements the low lying energy levels of the various rare 
earth ions, have been deduced. Now the number of these levels, and 

their relative separations are found to accord closely with what one should 
expect to' occur in a cubic field of the fourth degree, and furthermore the 
overair separations in isomorphous salts of different rare earths are of 
magnitudes ;to be expected from nearly the same magnitude of the cubic 
field. These results arq,^ strikingly illustrated by the following Table IX 
taken' from a recent paper by Penney and Kynch (1939) in which 'the 
calculated values refer to a cubic field of the fourth degree of the, same 
maj^itude in all caSeS, the magnitude of the field being so chosen as to give 
in Nd*"^* the, observed overall splitting. of 260 cm”*. The agreement 
b^tweeti the observed and the calculated values is indeed very impressiv^. 
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From this close fit, Spedditig concludes that the absorption measurements 
can give the energy levels much more accurately than the magnetic data— 
which is readily conceded, since the calculations from the magnetic data 
are based on the observed deviations of 7 ^-“ from the Hund value and 
these deviations are in most cases small. For the same magnitude of the 
cubic field, the energy separations involve factors proportional to 
^ ^ where? Z is the nuclear charge of the paraiuagnetic 

atom, and o- is the screening constant for the 4/ electrons responsible for the 
observed magnetic moment of the ion. Since the energy levels can 
be deduced accurately from the absorption measurements, it should be possible 
to utilise this data to calculate the precise values of o-, which are not so easily 
evaluated even from the emission spectroscopic data for the ionized atom. 

TabIvE IX 



Observed 

Calculated 

pj.+++ 

:>35, 500 

0, 121, 307, 467 

Nd+++ 

0, 77, 360 

0, 76, 36a 


0, 19, 41, 85 

0, 19, 38, 85, 89 

Dy+++ 

0, 32 , 57, 80, 113 

0. 53. 57, 84, 107 


In spite of the close inter-consistency of the arguments and the experi- 
mental fit, one should view with scepticism the separation of levels as deduced 
from the absorption spectra as representing the separation produced by a 
cubic field alone, and that of the fourth degree. Firstly we know that 
most of these salts are strongly anisotropic magnetically, and the anisotropy 
of the individual ions should be greater than that of the crystal, since what 
is observed as the anisotropy of the crystal as a whole is merely an averaged 
effect of the anisotropies of the differently oriented individual groups. In 
any case the anisotropy of the individual ions cannot be less than that of the 
crystal, and even such anisotropy as has been observed for the Pr**"^*^ ion 
(Mookherji 1949) should correspond to a separation which is not much less 
than that produced by the cubic part of the field. Though the rhombic part of 
the field has little influence on the mean of the three principal susceptibilities 
of the crystal, its effect on the separation of the levels is quite, large. 

Moreover, even if the effect of the rhombic part of the field on the 
separation of the levels is neglected for the purpose of argument, the cubic 
part of the field cannot be regarded as consisting of the fourth degree terms 
alone* At least in the case of ion the effect of the sixth degree terms 

' is cpnsiderable ; whereas the experimental fit suggested by the data given 
S— 1712P— 9 
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in Table IX is nearly as good in neodymium salts as in the salts of 
for example, in which the sixth degree terms are not so effective as in 

Lastly the observed absorption spectrum of Gd2(S04)3, SHgO (Nutting, 
and Spedding, 1937), is by no means as simple as one should expect 
from the splitting in the crystalline field. The ground state of Gd*^^ ion 
is an S. -state, “St/s. The splitting in the crystalline field even in strong and 
asymmetric ones will be quite small, of the order of a few cm~^ . Whereas 
absorption spectra suggest a complicated and widely separated set of energy 
levels, near the ground level. All of which show that in spite of the apparent 
coincidence of the energy levels, the low lying energy levels observed in 
absorption spectra cannot be attributed to the cubic field alone. They may 
be electronic levels, as influenced by vibrational levels, which in the rare 
earth salts may be separated by energy differences of the order of a (few 
hundred cm"*, I 

The evidence from specific heat data is more decisive regarding the 
separations of the lowest levels, but can give no more information regarding 
the origin of the separation of levels than absorption measurements. \ 
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A NOTE ON THE COMPARISON BETWEEN EMISSION 
AND FLUORESCENCE SPECTRA (ULTRAVIOLET) 

OF BENZENE 

By R. K, ASUNDI and M. R. PADHYK 

(Received for puWcaliou, Match 23, 

ABSTRACT. In the present paper a comparison of a new modified analysi.s of 
fluorescence band.s and emission bands of benzene in the ultra violet region has been made. 

After oar work on tlie emission bands of benzene fAsiindi and Padliye, 
1949) was completed we got a paper of Garforth and liigold (1948) kindly 
sent to us by Professor Ingold, dealing with the fluorescence spectrum 
of benzene. A preliminary icporl of our analysis of the emission bands 
was published in Nature (Asundi and Padhye, 1945) where the 
fluorescence data then available (Ingold and Wilson, 1936, and Wilson, 
1936) were used for a comparison of the spectrum in emission and fluores- 
cence. Garforth and Ingold have now revised the original data of Ingold 
and Wilson (1925). The list of bands now given by them differs from the 
original list of band maxima given by Ingold and Wilson (1936) both with 
respect to the frequencies and intensities, particularly for the weaker bands. 
A complete analysis of the absorption bands recorded by Radle and Beck 
(1940) has also been given by them (1948). This agrees closely with the 
analysis of the same bauds done by us also. Hence the main interest now 
is in the comparison of the new modified analysis of the fluorescence 
bands and the emission bands of benzene. The fluorescence 
spectrum, as it is set forth by Garforth and Ingold, is now more 
similar than before to the emission spectrum of benzene obtained by 
transformer discharge through flowing benzene vapour. Kmission data, 
however, do not support certain classifications proposed by Garforth and 
Ingold. A few relevent observations on the comparison between emission 
and fluorescence spectra are therefore necessary. This is given below in 
terms of the different series of bands involved. 

Series A, B, C, D and F are common to the two analyses, The E series 
of which there are but two weak bands in fluorescence is not represented in 
emission at all. 

The bands which Garforth and lugold include among the G series are 
present in emission but are designated by us as the series for reasons 

which will be clear later. In emission is also observed a series of bands 
not recorded in fluorescence designated by us as 
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According to Garforth and Ingold two distinct series of Fermi doublets 
occur. One is that due to degeneracy between B®_i, F'\ ; B®_s. F®_t etc- 
This doublet serie.s is also observed in emission where we prefer to designate 
the bands as cx®#, ^®o ; cx"_i, B®-i etc. In this series the doublet separation 
increases from 27, 31, 37 to 39 with the loading of successive quanta of 
992 cm"’, and finds an explanation as given in our paper (Asundi and 
Padhye, 1949a). 

The second series is given by Garforth and Ingold as due to D®_j, G"o ; 
B®_g, G®_i etc. In this series only tire first pair occurs as two distinct 
bands with the expected doublet separation of 27 cm"’. Further members 
of the series are no longer doublets but are represented by only a single 
band. This would mean that the doublet separation has diriiinished to zero 
already with the loading of one more quantum of 992 cm"*. The emissmn 
data do not support this interpretation. We prefer to leave the D-sei|ies 
undisturbed by Fermi degeneracy. 

There is, however, another series of Fermi doublets brought about 
bands of G scries which are designated by us as / 3 ®i_i series and which 
resonate with bands recorded only in emission (but probably not in fluores- 
cence) and designated by us »®i_, etc. On this interpretation the Fermi 
doublet separation again increases, as it should, and in the same way as in 
the first series when successive quanta of 992 cm"* are loaded on iS®i_i. 

Series H, I, J, and W of Garforth and Ingold are also present in emission 
and are mclu^ed in our analysis without, however, being so designated. The 
H®_i band has for its ground state the Fermi degenerate level <x"o, ^“0 (or 
B®_i, F®o according to Garforth and Ingold). Accoidingly, there are two 
bands which in our analysis are indicated as 01®,-+ (2 x 240) and ^(®o + (2 x 240). 

In fluorescence one band each is observed for M and O scries. The 
0-series is present in emission. The M band has not been recorded in emission 
and probably it is masked by the strong C*o band near it. 

The N-series of Garforth and Ingold has been classified as a part of 
C'-series by us. But the relatively greater intensity of the bands as well as the 
comparatively greater activity of frequencies indicate that the classifica- 

tion of Garforth and Ingold is the more likely. 

The Q-series of Garforth and Ingold coincides with what has been called 
the K-series by us. The frequency of e^iH) vibration, which is determined 
by this series is according to Garforth and Ingold 3060 cm-*, the correspond- 
ing Raman frequency ^r liquid benzene is 3047 cm-’ and our data give 
3051 cm-’ . Garforth and Ingold suggest that this discrepancy is probably 
due to a resonance, (due to internal forces in liquid state, Fermi resonance 
being otherwise forbidden) of this vibration with aig{H) 3062 in the liquid 
resulting in an alteration of cj vibration to 3047 cm"’. We remark, 
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^owcvfir, that the bands of this series are- all weak and the accuracy oblained 
by us is not greater than ±6 cni"‘. 

' ' ' t 

Ihe case of the Y-series is rather interesting. In our opinion the' 
emission data as well as the principles which govern Fermi interaction are 
definitely against the classification proposed by Garforth and Ingold. 
According to us the Y-series is represented by a single band (Y"o) which is 
weak and is not accompanied by the usual i6i cnr‘ progression. The bands 
designated by Y*-, , Y*-*, which are already doubtful according to Garforth 
and Ingold, are clearly to be classified as bands of the iV-series. We, classify 
the bands Y*’.,. Y“_j etc. as /l'\, A'^-i etc. Our reasons are the follow- 
ing : — 

■ r ' , 

(a) Corresponding bands associated with B series, i-e., B'‘\ etc. are 
definitely present in the emission spectiuni though there is considerable 
overlap between them and members of the D'series. This is discussed in 
the paper (Asundi and Padhye, 1949). 

(b) The positions of the bands follow a regular course and there is no 
evidence of resonance perturbation with the «, ^ doublet. 

(c) The Fermi interaction giving rise to «, fi doublets is satisfactorily 
explained on the basis of the first order perturbation theory for two inter- 
acting vibrations. 

id) That there is no perturbation is further evident from the fact that 
the overall separation between the triplets remains practically constant with 
increasing quanta of vibrations. This would not be so if Fermi resonance 
occurred between this vibration and vibrations giving rise to «, ^ doublet. 
There is sufficient outside evidence to show that the interaction apparently 
increases if the degenerate levels are loaded with quanta of vibrations 
which are contesting in Fermi resonance- This is experimentally recorded 
as the increase in doublet separation with added quanta of contesting 
vibrations. On the other hand, if the Fermi-split levels are loaded with 

I 

the third non-contesting vibration the separation . of the two levels remains 
the same with successive loading on of the doublet levels with quanta of 
non-contesting vibrations. 

ie) With the present interpretation the intensities observed are normal 
and do not need any explanation. 

Apart from these bands which are common to fluorescence and emission 
spectra, there are over forty additional weak bands recorded in emission only 
and which find place in our analysis in conformity with selection rules- 
They have not been assigned to any series but are suitably indicated in our 
paper by numbers denoting the frequencies of vibrations involved. Yhe 
maximum vibrational energy in the upper electronic state observed in the 
emissiem spectra is slightly greater than that in fluorescence. The extensive- 
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nesB . pf the data indicates that this method of exoitatibn ' bf polyatomic 
molecules, if it could be used, has some advantage over the optical method 
of excitation. 

SpKCTkOSCOPV bErARTMKNX 

CotLKGK OR Science . 

Benares Hinuu University 
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NEW BANDS IN THE SPECTRUM OF THALLIUM 

BROMIDE 

By P- TIRUVENGANNA RAO 

{Received for publication, Feb. 22, jg4g) 

Plate XX 

ABSTRACT. The spectrum of thaUimn bromide is photographed in emission in a 
high frequency discharge in the first order of a 10 ft. concave grating and also on a quartz 
Littrow spectrograph. About new bands between a /) o.so— \ 3800, attributed to TlBr, 
have been recorded which arc classified into three v' progressions in the vibrational echenie 
of the main system given by Howell and Ooulson. The observed bromine isotope 

separations suppoit the analysis. A revised analysis of tljc brief system of bands between 
\ 4000 -K 3950 is given. The lower state of this .system is considered the same as the 
upper .state of the main system. 

T N T R O D IT C T I O N 

In a previous communication, the author (Rao, i94Q^ established for the 
first time the existence of isotope from a study and measurement of some 

bands in the main system of thallium bromide, using a dispersion of 5.7 
S,/nim. It was also stated that the brief system of bauds around ^ 3950 
ol)Served only in emission by Howell and Coulson (1941) has been obtained 
together with a set of new bands between A, 3980 — A ^.Soo. The analysis 
of the brief system of bauds around A 3950 attributed to TlBr has been 
given by Howel! and Coulson in a fragmentary quantum array, which 
indicated that the lower slate of this system is the upper state of the main 
system. Their analysis was supported by the observed predissociation in 
both the states which are crossed by two repulsive states. Measurements of 
these bands with intensities, assigned visually on a o "■ 10 scale, by the author 
revealed that the intensity of the bands as given in the tiuantum array by 
Howell and Coulson differ widely from those assigned by the author. The 
object of this paper is (1) to interpret the new set of bands between A 4050 
A 380.-) and (2) to re-examine the brief system of bands between A 4000— A 3950. 

The .spectrum has been photographed both on a quartz I^ittrow spectro- 
graph with a dispersion of about 12 A/inni. at A 3950 and in the first order 
of a 10 ft. concave grating. An exposure of one hour was found sufficient 
for the development of the brief system using the quartz Littrow 

instrument, while the additional bands between A 4050— A 3800 were photo- 
graphed on the grating by giving an exposure of 3 hours’ duration using 

Ilford Special rapid plates. The brief system appears with much better 
contrast when photographed on the quartz Littrow spectrograph than on the 
grating and therefore an enlargement taken from the former is reproduced 
in Fig. (a), Plate XX. Members of this system appear much more intense 
than those of the main system in this region of the spectrum. The bands 
are clearly degraded towards the red. This feature alone serves to distinguish 
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them from these of the main system. Fig. (b) I’late XtX is a reproduction of 
the additional bands between A 4050 — A 3860 taken on the grating. These 
bands are comparatively less intense than those of the main bands in this 
region of the spectrum and are somewhat diffuse. In view of the diffuse 
nature of the bauds, measurements on their intensity maxinium differed by 
as much as 3 to 4 wavenumber units. Some of these bands above A 3950, 
occur in an ovei lapping region with the brief .system. In Fig (h) the 
shorter limbs repre.sent the TlBr' '* heads and the longer ones, the head of 
TlBr^i. 

Vibralioval analysis oj the ncia bands (A .7050 - A 

These bands occur in between prominent groups of the main .system 
in this region of the spectrum. A recurrence of a wavenumber infervkl of 
175 among these bands suggested that they can be interpreted as foiining 
part of the main sy.stein. The band at v = 36260 could be classified as\ the 
(3,17) band in Howell and Coulson's scheme for TlBr”’ and thus the 3 
progression could be extended up to 13,22), to include the (3,18) ami f3;\ig) 
bands classified by Howell and Coulson. Two of the bands, viz. (3.21) and 
(3,22) in this progression are superposed by Ng bands and hence they 
appi>ear very intense. As has already been pointed out by the author in 
a previous paper, the values of v' from (3,20) upwards in Howell and Conlsou’s 
classification should be increased by one. Hence the (3,201, f.^, 20), etc., 
become (4,20), (5,20), etc. Adopting this new' numbering, the l■'=^4 
progression in Table I comsisls of bands observed by Howcll'md Conlson. 
Two more new n'-'S and v'-6 progressions could be built up wdiich include 
about half of the additional bands obtained in the ])re?cnt work. The 
remaining bands are interpreted as the TlBr'^*’ heads corrcsiionding to those 
classified in the "' = 3, i''=s and v'- 6 progressions. The v'"- 5 and v' = 6 
progressions start in Howell and Coulson ’s classitlcation at values of v" > 30. 
Thet^G(T') intervals obtained by them in this region are found to be in 
keeping w'ith those obtained here. It is to be noted that the interval 

of about 70 between the levels v' = 2 and v'=3 falls rapidly 10 about 40 
between the levels v'==3 and ■i>' = 4. Some of the bands w'liich occur in a 
region of overlap with the brief system are also classified, since these could 
be distiuguisbed by their diffuse appearance from the mcnihers of the brief 
system, w'hicb are clearly degraded towards the “red. The vibrational 
analysis of all the new TlBr®* bands together with those observed by Howell 
and Coulson up to A 4500 is shown in Table 1 , which starts from the (3,15) 
band. The high frcijuency part of the scheme is given in Howell and 
Coulson’s paper. For all tlie bands between A 3800 — A 4050, the author's 
measurements have been used though some of the bands are observed by 
Howell and Coulson. The TlBr’^*’ isotopic separations observed agree fairly 
well with those to be expected from theory and are of the saine order as those 
observed by Howell and Coulson in this region, The observed separaliotis 
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are shown in column 6 of Table II; which gives the other data. For 
comparison, the isotopic separations for the common bands observed by the 
author and Howell and Coulson are given in column 7. The classification 
of the bands is shown in the last column of the table. 

Table II TlBr bands 
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Bands obscured by the brief system. 
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T H rj B R 1 K F S y S T B M (x 4ooo-\ 3930) 


Howell and Coulsoii measured 6 bands in all and gave a fragmentary 
quantum array, which led to the conclusion that the lower state of this system 
is the upper slate of the main system. An examination of the reproduction of 
this system given by them has revealed that the v' = o progression in their 
quantum scheme Is not the same as lher' = o progression marked on the 
enlargement. It is, therefore, considered desirable to remeasure the bands 
of this system. It was found that the bands with intensities given in brackets 
at A 3945.18 (to), a 3960.20 (8) A 3973.80 (6), A 3984.5 (2), constituting the 
xi' = o progression in their scheme, are obtained in the jiresenl work as 3944.86 
(4), 3960.07 (6), 3973.96 (10), 3984.72 (5). Hence it is clear that while the 
bands in this progrc.ssion are the same in both cases, the intensities of the 
bands assigned by the author differ widely from those given by them- I The 
intensity estimates of the author coincide with those assignable to uiose 
present in Howell and Cotilsou’s reproduction. The bands of this system 
are clearly, degraded towards the red and hence they could ' be 
distinguished from those of the main system occuring in this region. Baitds 
with v'=i progression in Howell and Cotilson’s scheme at A 3930.75 
(8) and A 3949.1 (4) belong to the main system and are not regarded here as 
forming part of the brief system. In the present work, two more new bands 
^ 3977-12 (4), ^ 3966.70 (3) ‘^ould be assigned with certainty to this system. 
Apart from those that are assigned to the main, system, only 6 bands could be 
identified as forming member, s of this brief system. As this system is obtained 
here free from the emission continuum, the assignment of bands to either of 
the two systems is considered reliable. P'or the brief system, meBsurements 
were made from the plate taken on the quartz lyittrow spectrograph. Judging 
from intensity considerations, one may perhaps sirggesl the follow'ing scheme 
for the brief system, with the most intense band as the (0,0) band. 
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* Superpose, s over (3,22) TlBr^® band. 


But such an analysis with 47 and 67. throws doubt on the emitt^ir 

of the system. It may perhaps have to be attributed to either a TlBr'*' or to, a 
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Thallium bromide bands. 



Hew Bands in Spectrum of Thallium Bromide 42^ 

foreign molecule. With the low power H. F. oscillator used in the present 
investigation, the former is improbable while it is also inconceivable that a 
pure .sample of thallium bromide obtained from B. D. H. should give rise to 
bands of a foreign molecule with such high intensity. Hence the quantum 
scheme given by Howell and Coulson with the new v' — i progression appears 
more probable. 


Table IV 
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Superposes over (3,23) TlBr^^> band. 


The intensity distribution in the system now corre.sponds to what is to be 
expected with «• values so unequal. The lower state of the system, therefore, 
as suggested by Howell and Coulson, is the upper state of the main system. 
The two continua obseived by them at A 1900 and A 3300 arising from two 
unstable levels are, as suggested by them, responsible for the observed 
predissociation in both the states. Further, in TlCl, the author (1949 a) 
reported the analysis of a doublet system whose lower state is the upper 
state of the main system "i — ^2, with w values differing considerably from 
each other. ' This gives additional sui>port to the conclusion that the brief 
.system with widely differing <0 values has its lower state as the upi)er state of 
the main system. 
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PRELIMINARY STUDY OF SOME METALLIC OXIDE 
SMOKES WITH ELECTRON MICROSCOPE 

By A. K. CHAUDllTIRY and M. 1,. DU 

f Received for /Publication, /Ins- 31, iq4q) 

Plate XXI 

ABSTRACT. The .stniclnrcr- 0/ the oxide .smokes of magnesium, zinoj niolybdenura aiid 
tungsten have been directly examined under electron microscope. An attempt has baen 
made to correlate the re.sults obtained from electron microscopical observations with tht^se 
obtained from X-ray studies. 


1 N T R O 1 ) U C T I O N 

Within a rather .short career of .sixteen years, tJie electron niicroscopo 
has heconie an indispensable adjunct to the older methods of investigation, 
such as optical microscopy, X-ray analysis, etc. Due to its extremely 
high resolution the electron tnicioscope is sjiccially suited for the direct 
observation of the size and shape of such fine iiaiTiclcs as are iircscnt in sniohes, 
mining dusts, pigments, etc. In X-iay diffraction exiierinients, the crystal 1 
structure is not directly ai>paieut, the structure luus to he coinputecl from the 
experimental observations. The electron micioscope on the other hand ofi’ers 
unique opportunities lor a direct vision of the crystalline structure up to the 
oidei of joo Angstrom units. The interfacial angles of the orthographic 
projection of the crystals as seen througli the electron iniscroscope, can be 
directly measured and compared with those calculated from X-ray data. In 
this way the identity of the crystals may be established. The axial element 
and interfacial angles of unknown crystals, can also be directly determined 
by this method (Kirkpatrick and Davis, 1948). 

In the present investigation, oxide smokes of magnesium, zinc, 
molybdenum and tungsten were studied with the electron microscope recently 
installed at the Institute of Nuclear Physics, Calcuita University (Dasgupta et 
al, 1948), using electrons of 50 ekv energy- 

METHOD OF SPECIMEN PREPARATION 

All the specimens w^rc prejiared by collecting the oxide-smoke on a blank 
300 mesh steel grid without any nitrocellulose film. This was possible 
because of the tendency of the oxide particles to form chains reaching far ont 
into the open mesh space. As no further support of the nitrocellulose film 
was necessary, lack of resolution and contrast due to the additional thickness 
of the supporting film was not encountered. This meant much increase in the 
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practical value of the resolution and contrast. This is ani advantage of this 
method, since the particles are so small that their electron-scattering is almost 
of the same Order as that of the film. 

Magnesitwn oxide was prepared by burning magnesium ribbon in air. 
Zinc oxide smoke was prepared by Ininiing the pure metal in oxy-coal gas 
flame. The oxides of molybdemim and tungsten were prepared by heating the 
pirre metals electrically in air. 

I) 1 wS V U S S r O N O !•' U H S U Iv T s 

Fig. 1 (Plate XXI) shows the electron-micrograph of magnesium oxide. 
It is known from X-ray analysis that MgO crystallises in the cubic lattice of the 
Nad type stiucturc. The shapes of the MgO smoke particles, as lau be seen 
in the electron-rnicrograph, can be derived from cubes of equal sides, the 
actual sliape depending on the orientation of the particles with rc-specl to the 
photographic plate. Under optimum operating conditions the three dimen- 
sional geometry of the particles is clearly brought out in relief. This indicates 
that Mg() crystals grow uniformly in all directions, and retain the internal 
symmetry of the unit ciystal during the process of growth. 

The relative orientations of two big crystals of MgO in Fig. i have been 
diagrummatically represented in Fig. a. 

Fig. 3. shows the electron micrograph of zinc oxide smoke at micro- 
crystalline stage. From X-ray analysis it is known to ciystallisc in the 
hexagonal .system. Hut the oxide particles here show a sli-iking peculiarity in 
having fomicd skeletal tetrahedrons with four legs. Barnes and Burton (1941) 
ascribe Ibispbenomcnon to a growth of the crystal along the preferred direction 
of the zinc-oxygen tetrahedral configuration. Fuller (1944) also made a 
detailed study of ZnO smoke by taking stereo-cleclron-micrographs and 
determining the s]>atial angles among the four legs. He concludes that the 
ZnO smoke particles consist of four needle shaped cry.stals united at a 
coinmoii juncture. From X-ray analysis the dimension of the unit crystal of 
ZnO is of the order of 3 .Angstrom units, while the legs of the tetrahedrons 
taper down to a thiehness of the order of 100 Angstrom unit. Hence the 
needles, as shown in the mioi'ographs, have been formed by the superposition 
of many unit crystals along the preferred directiones. 

.Fjg. 4 shows the electron micrograph of molybdenum oxide. From 
X-ruy analysis it is known that Ihe phase MoO^ is tetragonal in structure with 
axial ratios : 

a - a: 0 = 4.86 : 4.86 ; 2.79 while the phase MoO,, ia orthorhombic with 
axial ratios a', b : c-3.92 : 13-94: 3-66. The electron .micrographs of molybde- 
num oxide smoke presented in Fig. 4 show clearly that the phase MoO# 
predominates in the smoko. 

Figures 5 and 6 show the electron-micrographs ot tungsten oxide smoke. 
The square shape is due to the phase WO* which is known to crystallise in 
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tetragonal form with axial ratios; 

a; a ; c = 4.86; 4.86 : 3.77. 

The rhombic shape is produced by WO* which is pseudo-monoclinic in 
struolure (Brakken, 1931) with axial ratios: a: b : 0 = 7.48: 7.48: 3.82. This 
indicates that both the phases are produced in the smoke when metaliio 
tungsten is electrically heated in air under atmospheric pressure. The spheri- 
cui particles are droplets of the molten metal which settle on the steel grid 
support along with the oxide smoke. 
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A MULTI-STAGE TURBO-EXPANDER AIR LIQUEFIER 
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ABSTRACT, A new type of air liquefier, depending upon the adiabatic expansion of the 
compressed gas in a multi-stage turbine of low speed, is described. The actual method of 
liquefaction depends on precooling a suitable fraction of the compressed gas in a heat 
exchanger, by the other part of the gas cooled by its expansion below the critical point in 
the turbine, when the former liquefies under its own pressure. The great advantage of 
such a method is discussed. Preliminary calculations for a small liquefier gives a 
practical efficiency of about 0.6 kwh. per kgm of liquid air. 

INTRODUCTION 

In the year 1937, while the author was engaged in developing ^cryogenic 
techniques in these laboratories, it occurred to him that a turbine could be 
used as a refrigerator. Following this, he calculated the details of working 
of such a turbo-refrigerator as may be used profitably for the liquefaction of 
air. The author, however, had to leave the construction of the air liquefier 
unfinished, due to the lack of proper facilities. Recently, owing to the kind 
facilities offered to the author by the authorities of the Indian Association 
for the Cultivation of Science, he has been able to take up the work again. 
On looking through the literature, however, he finds that in the mean time 
Prof. P. Kapitza has published a paper (Kapitza, 1939) in which he has 
described the construction of a similar air liquefier in actual action, which 
has, to a large extent, fulfilled the present author’s expectations. The 
original paper of Prof. Kapitza is not available to the author so that he cannot 
exactly compare the details of working of Kapitza ’s machine with his own. It 
appears, however, from English abstracts of the paper published between 
1939-42 that Kapitza 's machine is a single stage expansion turbine. The air is 
compressed to about 6 or 7 atmospheres with the help of a 50 H. P. compressor 
and after passing through water and air cooler, without any necessity of 
])revious imrification, passes into the turbine. This runs at 40,000 r. p, m. 
and develops about 4 H . P. The pressure of the air drops about 75 per cent 
in its passage through the turbine and the air entering the turbine, 
pre-cooled in the last stage to about -isS^C, emerges at about ~ 187*0 aiid 
in the liquid state. The weight of the turbine is only about gms. and 
it deals with about 600 cu. m. of air per hour, producing about 30 kgms. of 
liquid air per hour, liquefaction beginning within 20 minutes of starting. 
The efficiency of the liquefier as claimed by Kapitza is about 80 per cent. 
Hausen, in a subsequent paper (Hausen, 1941) criticises Kapitza ’s method 
s— tyiaP— 19 
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and says that as regards weight, space occupied and efficiency this machine 
is in no way superior to the existing hinde and Claude-Heylandl machines. 
This i)a])er also is not available to the present author so that he cannot 
discuss the contradictory claims of these two authors, though it would appear 
from our experience that Hausen’s criticism will not aiiost probably be 
tenable in our case. In any case, one sees clearly the stamp of the typical 
genius of Prof. Kapitza in the development of this machine. 

P'rom what follows, it will be seen that though the principle of Kapitza ’s 
new liquefier and that undertaken by the present author aie primarily the same, 
ihe deiails arc fundamentally different. Further, the present author can 
claim to have independently undertaken the project as early as 1937. We 
shall discuss the mreits and demerits of various machines in their proper 
I»laces hut it may even now be mentioned that a Kajntza machine, from wh^t 
meagre description is available, evidently depends on a single expansion Je 
Laval impulse turbine, whereas, the present author uses the principle m 
multiple expansion and various other devices to be mentioned later, which 
according to thermodynamic principles, is more efficient and at the same time\ 
avoids unduly high blade speed, which must be a great drawback of the ’ 
Kapitza machine. For these reasons author thinks it useful to publish th.e 
work undertaken by him, i>articularly because even after the lapse of 10 years 
he does not find any attempt by Kapitza to make any further improvement 
in his machine, which must obviously follow the line suggestted by the 
present author. 

From the principles of thermodynamics it is well known tligt in the 
production of cold, our aim should be to approximate the ideal reversible 
isentropic process. Of the two processes at present in use for air liquefac- 
tion, the lyinde inethod is essentially irreversible and the maximum 
performance is about 0.9 kwh. per kgni. of liquid air produced. The Claude- 
Heylandt method is an attempt towards realising the isentropic method. 
Unfortunately, due to difficulties of lubrication at low temperatures between 
the pi.stou and the cylinder in this method, the performance is about the 
same as in the Uinde method. Kapitza has done away with the need of 
lubrication in his piston-cylinder helium liquefier (Kapitza, 1934) by keeping 
a very minute clearance between the piston and the cylinder, but this machine 
can be used only for very small scale generation of cold because of the 
difficulties in construction of large machines of this jtype. We know, 
however, that in a turbine the question of lubrication in the expansion 
chamber does not arise and a turbine is now a practical success wherever 
generation of large pow^cr is concerned and a large amount of gas is to be dealt 
with. Thus, in view of Jkhe very large demand of liquid air for various 
laboratories, indxistrial and other purposes, c.g., scientific investigations at 
extreme low temperatures, production of oxygen for medical, aviation and 
submarine breathing purposes, welding, high temperature furnaces, blasting 
of rocks, etc., and also nitrogen for the manufacture of chemical fertilizers, 
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explosives, etc., it is worthwhile to develoj) the turbine n^icthod of liquefac- 
tion of air. In 1926 world’s coijismnptioQ of iiianufactured oxygen was 80 
million cu. in. and of nitrogen a 00 million cu. ni. In the last two decades 
the air liquefaction and rectification industry has expanded by leaps and 
bounds. 'I'he by-products of the industry, neon and argon gases are also 
in great demand. 


THERMODYNAMIC P R 1 N C t P Iv E S INVOLVED 


Now, let us consider the therniodynamical theory of a heat engine 
acting as a refrigerator. In an ordinary heat engine a quantity of heat is 
supplied by the boiler to the working substance at high temperature and a 
fraction of it is taken up by the condenser at lower temperature as the 
working substance is made to pass through the complete reversible cycle. 
The balance of the heat is converted into work done by the engine during 
the complete cycle . The ideal efficiency is defined by 

‘ Qi Q| T, 

where Qi and Q2 arc the amount of heat taken up at the higher temperature 
Ti and delivered at the lower temperature T2 respectively and W is heat 
equivalent of the work done during the cycle. Also, 


(Tx ” T.J ^ 0^(2', -r,) 

Tr 1\ ^ 

In a refrigerator, on the other hand, we take uj) an amount of heat 
at the lower temperature 1\ of the condenser, arid discharge Qi amount 
of heat at a higher temperature T'l, and in order to do this we have to do 
work W. Thus, the total energy Qi+W sup] died = Qi the amount 
of heat delivered at the higher temperature and the performance of the 
refrigerator is 


= 0 ?= -I 

w q,~Q2 


(3) 


(4) 

T 2 

Thus, the greatest amount of work that is theoretically available in 
letting a quantity of heal Qa i)a.ss from a higher temperature to a lower is 
also the least amount of work that is needed to **puinp up” the same quan- 
tity of heat through the same range of temperature, the work done dciJend- 
ing on temperature as shown. From these considerations it is possible to 
deduce in a very simple manner many results for a refrigerator by analogy 
with the existing results fpr an ordinary heat engine- 

It is well known that no engine works in the strictly reversible manner 
; and the ''efficiency ratio” is a measure of this deviation from the ideal. The 
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ideal Carnot cycle requires that all the operations upon the working sub- 
stance should take place in a single vessel so that the entire amount of heat 
is taken up at a single high tempei'ature. But when the engine is separated 
into parts, as is done in practice, the last stage of Carnot cycle, i,e.> thfe 
adiabatic compression from Tj to Ti, is replaced by a direct heating by the 
source of heat. In refrigerators, however, this difficulty does not arise,. 
There the performance, as defined by QijW, is increased by taking up heat by 
the exhaust gas successively at different temperatures and a strict analogy is to 
be found in the cycle of steam engines with superheating. The total work 
done in adiabatic expansion is measured by Ihe drop in the total heat or 
enthalpy, 1, during the adiabatic expansion when the gas is admitted at the 
initial pressure expanded adiabatically and discharged at the final presaure. 
This measures the amount of cold generated by the machine. The actual woyk 
done by the adiabatic exprmsion is, however, equal to the change of interr|al 
energy under adiabatic conditions. The two gre denoted by iv.dp and 
ip.dv respectively, where />. •a’' = constant, if the working sub.stance is a^i 
ideal gas. The net work done upon the working substance in the cycle iif 
given by the area of the cycle (see Fig. i) 

abcd = eabcdf — cadj = {,Jb — If) ~ {Ju — ln) 

— Sli—SIg— J v.dp — j v.dp ( 5 ) 



The cold produced is measured by the change in enthalpy during adiabatic 
expansion from a to d, igs., by the area ca(i/= J v.dp ... (6) 

The performance 


W abcd~SI,-SI^ 


( 7 ) 
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A D V A N T A GE S A N D DISADVANTAGES O DIP.FEEENT 
I -TYPES OP EXP AN SIGN ENGINES. USED ,A^S 
I.. , REFRIGERATORS , 

Ftotii thetmodynaraical theories- it is evident that for an ilicreased ' per'*' 
forniance of the engine, the heat should be taken up by the expanded giiiA 
in stages rather than all being taken up at the lowest temperature, fhi^- 
usually happens in refrigerators by the use of pre-cooling in a counter-current’ 
heat exchanger (Ruhemanu, 1937)- It may also be realised by expanding 
the gas in multiple stages in two or more expansion machines: Multiple' 
expansion is also closer to the ideal process since the temperature-fall in any 
particular stage is smaller and the exchange of heat with the engine parts, 
in consequence, smaller. As is known, this principle of multiple expansion 
is a necessary condition for the successful working of a turbine from quite 
diflereut considerations. . 

To increase the performance of an adiabatic expansion machine, far 
greater advantage is obtained by reducing the exhaust pressure th^n increasing 
the initial pressure, not only because the mechanical, difficulties of production 
and - handling of high pressure increases rapidly with increasing pressure 
but also the works in actual machines corresponding to isothermal compression 
and adiabatic expansion deviate from the ideal value more at high pressures 
than at moderately low pressures. Of course, the expansion ratio and the 
enthalpy change are decreased by using a moderate initial pressure but these 
may be easily compensated by using a suitable, low exhaust pressure. A 
further advantage of using lower initial as well as final pressure, is the 
t)ossibiHty of using a better heat-exebauger, system. 

To secure the full benefits of low exhaust pressure, however, tlie friction, 
between the parts of the expansion machine has to be minimised to the least 
possible amount so that the expansion may be carried down to the lowest 
back pressure in the condenser. This is not possible in cylinder and piston 
engines, not only because (i) the friction of piston against cylinder is quite 
large, but also (3) the volume becomes excessive. In the turbine these 
considerations do not arise. Thus, considering (2) first the expansion is 
carried in stages so that the volume for each expansion is provided in that 
stage and the turbine blades continuously move on to make space for the 
expanded gas. On the other hand, the friction occurs only at the shaft 
bearings which need not be at a low temperature and hence may be -properly 
lubricated. Indeed, the friction is so small that the shaft of a turbine set in 
motion has been known to revolve for several hours before coming to rest 
unless a load is put on.,, Ihus, in this way also a turbine from its very 
consfructiofi is eminently suitable as a gas liquefying machine. 

The main disadvantage in a turbine is the leakage over the tips of the 
blgdes. But this is negligible for large turbines and particularly if moderate 
initial .pressure is used. Use of moderate pressure is thus advantageous not 
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only for reasons mentioned earlier but also in minimising blade leakage. 
Hence, use of moderate jiressure, like multiple expansion, is an essential 
condition for the eflScient working of a turbine, and this restriction instead 
of proving to be disadvantageous, really improves the eflSciency of the 
machine over that of high pressure machines, in every way, so much so 
that no piston and cylinder machine can compare with it. This will be 
readily seen in the case of “ exhaust turbines,” so called because they work 
with the exhaust gas from the piston-cylinder engines and produce nearly as 
much work. 

Another difficulty in a single stage turbine, as used by Kapitza, is the 
high blade speed, corresponding to about 40,000 r.p.m. But this may he 
successfully tackled by providing multi-expansion so that the speed is quite 
moderate, between 2,000-4,000 rq^.m. or even less. At the same time, lor 
reasons mentioned earlier, this multistage expansion should serve to increase 
the performance as a liquefier. Even this reduced speed may appear verj 
high compared to piston-cylinder engines, but this creates no appreciable 
mechanical difficulty and is rather useful . in reducing the heat leakages by 
rapid sweeping out of the expanded gases, The turbines are also niore\ 
efficient than the piston-cylinder engines in this that there are no periodic 
fluctuations of temperatures in turbine expansion chamber. 

The really important loss in a turbine is that due to fluid friction and 
turbulent motion while the gas passes through the nozzles and the blades 
and these may be considerable at such high velocities at which the gas passes. 
Another point to be considered is that turbines can be most jprofitably 
used only for really large scale liquefaction of gases. A turbine, handling 
the same amount of gas as a piston and cylinder machine, has a very much 
smaller size. This is no doubt very advantageous as regards weight, space 
occupied by the machine and losses of heat through surface aixa. But this 
smallness in size will lead to real difficulty in manufacturing the various 
parts of the machine when small scale liquefaction is contemplated, l-'or 
example, if we use a compressor, of capacity 30 cu. m. of air per hour com- 
pressed to 50 atmospheres, nece,ssary for the liquefaction of a few litres of 
liquid air per hour, the size of the cross-section of the turbine nozzle has 
to be made as small as about o. 01 sq. cm. and the other dimensions of the 
turbine on a similar scale. 

OfeNERAL I’ROCBSSES AND ARRANGE M~K N 'f O F t H E 
method of LIQUEFACTION 

Now, we shall discuss the actual processes of liquefaction with the help 
of the expansion engine^' Since the pressures involved are not high, turbo- 
compressors capable of delivering large quantities of air may be used with great 
advantage. The best method of liquefaction appears to us to be cooling down 
a part of the compressed gas thus obtained, by expansion m a turbine to such a 
temperature that the other part of the gas, cooled by counter-current heat 
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exchange to this temperature, liquefies under its own pressure. Thus, the 
final step in liquefaction by Joule-Thoinson expan . sion, aS is done by many 
people but which is an essentially irreversible process and also is not suitable 
for the low initial pressure used for turbines, is avoided. Liquefaction in 
the turbine itself as done by Kapitza ( 1039) would also lead to coraplicationSj 
for es;ample, due to (i) the liquid friction, (2) the high centrifugal force 
produced by the liquid on the blades and (3) the too low temperatures within 
the turbine. The amount of cold which has to be generated by the machine 
to liquefy each kilogramme of air starting from room temperature, say 
30o"K, is theorelically about 97.6 kilo-calories. The pressure between which 
we should work is primarily determined by the effective limits of turbine 
design and also by the lowest temperature we intend to reach in the turbine. 
This lowest temperature from previous considerations must be above the 
boiling point of air under the final exhaust pressure but sufficiently below 
the critical point of air. The diagram of the liquefaction circuit used by us is 
essentially as shown in Pig. 2, and the various processes of the complete 
cycle of operations may be very conveniently represented by a temperature- 
entropy diagram as in Fig. 3, 



A~Extra ajr inlet 
V —Vacuum pump 
C— Cotnpressor 
O-Ont let 

Hi— 1st heat exchanger 
Hi— and ,, ,, 

Hs— 3rd ,, 

T -Turbo-expander 
1/— Liquid air 
Kj— ist valve 
Ki— and valve 
D— 'Dewar vessel 
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Supposing that the gas obeys the adiabatic law ^)D''*»constant, down to thip 
lowest temperature, the cold developed per unit mass in an ‘‘equivalent" 
single stage expansion, by utilising the kinetic enetgy of the expanding gas 
in producing work, is given by 

- 1 - ... ( 8 ) 

y-i \/), / 


whereAi' is the adiabatic change of enthalpy in the process and ^ is the 
** efficiency ratio'* the ratio of the work done by the actual and 

the ideal engine. The total change of enthalpy in our arrangement is 



Entropy— > Kcal./*C.KgJn. 

FiO. .3 

Eutropy-teniperatfire diagram pf the turbine air iiquefier 
(Not drawn to scale) 
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Q = where K is the fraction of air going through the expansion 

engine, At’ is the isothermal change of enthalpy in compressing the gas 
at rpom temperature. (This is, however, only a convenient idealisation). 

There is a further amount of change of enthalpy and corresponding cold 
generated, (i--K)At"=(i-/C-e).Af", +e.At'' 2 , where e is the fraction of 
the whole becoming liquid, when the vapour and the liquid phases obtained 
under high pressure is allowed to pass from pressure pi to atmospheric pres- 
sure accompanied by enthalpy changes Ai," and respectively, so that 
really, G=»At + KAj' + (i — /C) At". 

If the mixture of vapour and liquid, however, be throttled down to atmos- 
pheric pressure through a valve, then of course this last term should be 
omitted, which will obviously mean a loss of available cold. But at the same 
time a part of At corresponding to change of enthalpy in compressing this part 
of the gas from atmospheric pressure to pressure Pi will be made available. 
This quantity, however, is comparatively small and as we have indicated, we 
should avoid throttling though we cannot utilize At thereby. If we know K, 
the expanded fraction, and also e, the liquefied fraction, we can easily cal- 
culate (i—Iw) At" sinte At" consists of two parts At,", due to change of 
pressure of the vapour and Atj" due to that of liquid. 

If the gas had obeyed the perfect gas law we might have calculated the 
amount of cold K.Aj', easily. But since this is not so, the quantity is rather 
difficult to determine. This amount of cold depends in a complicated manner 
upon the temperature Ti at which the gas enters the turbine, the initial pres- 
sure Pi and the fraction K, for given values of the efficiency ratio, the final 
temperature and the pressure. General thermodynamic principles show that 
the higher the temperature T i, the larger is the amount of cold, generated by 
the machine. It is, however, obviously not profitable to make Tj, higher 
than room temperature. It is to be noted, further, that the higher the final 
temperature Tj, at the exit of the turbine the higher will T, be and less the 
difference between T a and T o the initial temperature before entering the heat- 
exchanger I. Now', the part of the air expanded in the machine must give 
the whole of its cold to the incoming high pressure air, for which it is neces- 
sary that there should exist the least temperature gradient from To to Te, but 
this condition may not be fulfilled if Tq - Tg is too small, so that cold will be 
lost at the end of the exchanger 1. In actual practice this exchanger will be 
omitted altogether so that that our exchanger-loss consideration 

will refer to heat-exchanger II. The fraction expanded in the turbine evi- 
dently determines the main amount of cold generated and this amount should 
be only that much as can be efficiently exchanged for a given temperature 
gradient. 

In the ideal case the expansion engine would have taken us to the state 
n't Pa, Ta, from the state ii, pi, Tj but due to losses we reach only ig, pg, Tg 
-i7i«P— 10 



and the efficiency ratio is given by 


= iijzi.?. 
ix-W 


(lo) 


If we i>ass M kilograms of air through the liquefier of which a fraction K 
goes through the turbine, the amount of cold generated here is given by 
MKt] Ui-l's) of which a part is lost in the heat exchangers I and 11 . There 
is an additional loss in exchanger III. If the efficiency of the heat exchangers 
is denoted by then total loss representing the cold taken away by the out- 
going gas is given by M/\ (i -f)(i'o -fa) + M(i'o - /„) + M(i i -V- ) 
(ifl-'f/). the first term denoting the loss of cold of the gas passing through the 
turbine, the last term that of the vapour coming out of the. liquefaction 
chamber and the middle term corresponding to the loss due to the differeifce 
of enthalpies at pressures pi and p.^ at temperature Tq. I 

If A. be the amount liquefied by the machine the liquefaction fraction as 
defined by . \ 

- in') - (i - V') Oo'- «2)1 “ (iV- in) - -e-K) (i -^) {i„ - i„) , \ 

' M ■' 7. + V-i. ■ ' ^ 


where L=the latent heat and ir, the enthalpy of the vapour at the boiling 
point under atmospheric pressure, when the expansion engine alone is produc- 
ing the cold. There should, however, be another positive added term in the 
numerator which is due to the change of enthalpy of the liquid-vapour 
mixture as its pressure changes from to This amount is just enough 
to maintain the vapour-liquid equilibrium while the mixture is passed along 
the saturation curve so that the amount of gas liquefied remains the same 
(this is not strictly true for a mixture like air) but may be much more if an 
additional isentropic expansion is used here. For an accurate calculation 
of e an elaborate lemperat ure-eiitropy diagram in which isobars and isenthalps 
are drawn is necessary and pi, 7 ',, K have to be determined empirically. It is 
obvious that in our case must be fairly below i32.6'’IC (critical temperature 
of air). Pi not more than about about 40 atmospheres (critical pressure) con- 
sistent with good working of the turbine, is then sufiBcient for liquefaction. 

Starting from a given initial state if the value of is reduced, must 

diminish and in the expression for the liquefaction fraction, K increases till 
the product reaches the maximum value giving the maximum production for 
the liquefier for this value of temperature T2- Now, if M{i-K) kgm of ait 
be cooled down by heat exchangers at pressure pi from To to Tff, the 
temperature of liquefactidii under this pressure, the amount of cooling of 
the gas is M(i-X)i/'(/o“'^;)- Hence, 
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Krotn these two equations K can be obtained as a functibn of teniperaturc 

T^. ■■ 

li the efficiency ratio of the machine is known we can also find out 
H~^ia ns a function of teinperatui'e Tj. The efficiency of heat exchangers 
are usually about 90%. From the entropy temperature diagram it is hot 
difficult to find out by trial the values of various quantities appearing in the 
previous equations which give the best performance of the machine. The 
work supplied to the machine is obtained on the assumption that the com- 
pression is isothermal and the gas obeys the Boyles’s law during the process 
(or more accurately from the temperature-entropy diagram). 

The consumption of work consists of two parts namely : 

(i) compressing the fraction K from pressure to pv 

{2) and compressing the whole from />„ to p,. 

If the fraction liquefied be « then it is evident that for the liquefaction 
of I kgm of air i/e kgm of air must be compressed to the desired pressure. 
Hence, work consumption, 


W = 


I 




RT{log Pi/Po + K log PolPa)"^"^ 




(13) 


where the negative term takes into account the work recovered from the 
turbine. Otherwise, the net work consumption may be found out by measur- 
ing the area of the temperature-entropy diagram. As K changes the work 
consumption also changes for given values of pi and p.^. Tlie minimum 
value of work consumption may be calculated from this. 


From a rough calculation w'e sec that for an expansion from 10 to ,03 
atmospheres the suitable initial temperature is about 30o“K for a ratio 
K=o.5. The work consumption is then minimum at 7^= 0.5 and is about 
0.6 kwh per kgm of liquid air produced. Actually a transition from 
10 atmospheres isobar to 1 atmosphere ought to reach this work consumption 
at 7v =0.9 but this is not so due to losses. The final temperature at the 
exit of the machine is somewhat above 90®K. This rough calculation of 
the performance compares very favourably with those of other types of 
machines and with the ideal performance. There is no doubt with further 
investigations which are in progress in this laboratory, much improvement 
can be brought about in the machine and there will be no rival to a turbo- 
liquefinr in the field of large scale production of liquid air. 
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THE PRINCIPAL MAGNETIC SUSCEPTIBILITIES OF SINGLE 
CRYSTALS OF RARE EARTH SALTS AT LOW TEM- 
PERATURE. PART IV— SAMARIUM SALTS 


By A. MOOKHERJI 

( Received for publication, June 23, ig^o) 

ABSTRACT. The principal su.sccptibilities of .samarium salts have been measured from 
300*Kto85°K. The results are discussed in the light of crystal field theory. It has been 
found that the magnetic anisotropy of cerium, prasaeodymium and neodymium salts 
increases as temperature is lowered whereas in sainarimn salts it increases at first, then 
pas.sing through a maximum decreases. 

introduction 

(■ 

A survey of the experimental results on the paramagnetic behaviour of 
solids — namely the salts of the rare earths or of the iron group of elements — 
reveals considerable deviations from Curie's Law. It is only in a few of these 
solids that the observed deviations can be attributed to the overlapping of 
7 -leveIs. This is evidently the case with the salts of trivaleut samarium. From 
knowledge of the separation between the lowest of the multiplet levels 
and its immediately higher level, the temperature variation of the magnetic 
moment of ion was computed by Miss Frank (1932). Later on, in order 

to explain the deviations from the theory at low temperatures, as revealed by 
F'reed’s (1930) measurements, she (1938) worked out the effect of the crystalline 
field on the Sni''”^^ ion following Van Vleck (1932), Penney and Schlapp 

(1932)- 

In this communication is reported the temperature variation of the prin- 
cipal susceptibilities of single crystals of Sm**^ ion and discussed in the light 
of the work of Frank. 

EXPERIMENTAL 

Crystals were grown out of aqueous solution. Specimen of rare earth 
used is of high purity. The experimental methods used for the measurement 
were the same as in previous paper by the author . (Mookherji, 1948.) 

RESULTS 

Results of measurements are collected in I'ables 1 to IV and illustrated 
in Figs. 1-5. Notations and diamagnetic corrections used in this paper are 
the same as adopted in previous papers. (Mookherji, 1948.) 








Piineipal Magnetic Susceptibilities of Samarium Salts 



Fig. 3 

Mg3Snij(NO,)ij, 24 HsO 
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II 



Fig. 5 

Siii2Mgj(NO^Ii2, 34H2O 


Tabi^e I 

Magnetic Anisotropy at 30®C 


Crystal 

CrystallO' 
graphic data 

Mode of 
suspension, 

Orientation 
in the field. 

Ax 

Magnetic 

Anisotropy. 

81112(304)3, 8H2O 

MonocUnic 

prism 

a:b:c 

3.003 :i '.2.002 

‘ b ’ axis ^ 
vertical ) 

‘ a * axis > 
vertical J 
iooi) plane ) 
horizontal j 

—244 

* b ’ axis ) 
along field ) 

‘ h ’ axis ) 
along field j 

44^ 

22 

3^0 

(Xi-Xa*44i 
\ Xl-Xs=SS 

1 ♦=+ 53.7 

Cal. i(-= +53.4 

SlXl2Mg3(NQs)l2i S4H2O 

Trigonal 

Trigonal 

axis 

horizontal 

Trig, axis 
normal to 
field. 


■ 
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Table II 

Absolute Susceptibility along a convenient direction 


Oystal 

1 

Direction 
along which 
susceptibi- 
lity was 
measured, 

Temp« 

Density 
of the 
c ystal. 

Volume 

suscepti- 

bility. 

CoktH- 
ponding 
gm. mol . 
suscepti- 
bility, 1 

Corres- 
ponding 
gm, tnol 
suscepti 
bllity 
at 3 0 ’ C. 

Smj(SO<)j, SHjO 

Along xi-axis 
f Normal to 

27-4 

3 ,970 

9.07 

3330 

29 to 

SmaMgsCNOalij, 3411*0 

Trigonal 

1 axis 

So.i 

2 , T64 

2,527 

1?I0 

V liSlp 


Pl'S,CU,S,SrdNS, 

The ground state of the sainariuni ion, Sm'*'**, is ‘Hgca , unlike the 
other rare earth ions that wc have considered, the immediately higher level, 
namely '‘Hj/2, is separated by only 930 cm'*‘ ; so that even at room temper- 
ature, the effect of the "ff 7/ 2 level cannot be neglected. Since the magnetic 
moment of the higher level is much larger than that of the ground level, 
the effective moment per ion will naturally increase with the rise of temper- 
ature and the consequent increase in the numbei of ions occupying the 
higher level. The increase is indeed so marked that the susceptibility, which 
to a first appi*oxiination is proportional to //“elf/ T, and which at first dimini 
shes with rise of temperature, as in typical paramagnetic substances, bccoiin. ^ 
stationary and then actually increases with further increase in temperature. 

In calculating the effect of the crystalline field, however, on the mean 
moment the splitting of the "Hj/a level will naturally have a much larger 
effect than the splitting of '’H7/ 2 levels. The effect of the crystalline field 
on the susceptibility of samarium salts and in particular of vSniafSO^).,, SHaO 
which has been measured in the powdered state by Freed (1930) over a wide 
range of temperatures has been discussed in detail by Frank (1938). The 
splitting of the levels and “H.?/ 2 is given by the following scheme : — 


7 = 7/3 


J=sl^ 



free ion 


cubic rhombic 

Fig. 6 


Principal Magneiic 

tAblH: in 


SuBpenEioii used for uieasurewnt 


(Vvs-IhI Temp. ‘b* axis vertical ‘a’ axis vertical 

■ ''K 


%\ -x% kj~ xi sin'*# - xs «)s*e 


vSnisfS04)a.8Hi!0 


Trigonal axis horizontal 


Xj.-X„ 


Str.i-MgsiNOa^u, 
a^H-^O ' 


4— i7i8P-~ro 
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TABtE IV 

Temperature variatioli of principal susceptibilities 


Crystal and 
direction alrmg 

M 



1 

! 

>^'3 

1 

! 

I 




which measure- 
ment was 

64 j 

s 

X'l 

x'2 

x' 

K 

^ » 



taken 

dl 









H 










300 

2ilt)n 

2040 

243^ 

2320 

3.009 

2.464 

2.937 

2.803 


iiSo i 

25SU 

2090 

2500 

2390 

3-913 

2-355 

2.820 

b> 

00 

sO 

1 


2710 

2170 

2610 

2500 

2.839 

2-^73 

2-734 

2.677 

1 

i 

1 

.110 

2820 

2240 

2700 

251)0 

2.729 

2.165 

2.61J 

2. SOT 

i 

1 

.7 20 

;! 95 o 

233 «^J 

28 10 

2700 

2.617 

2.070 

2.492 

2.393 


200 

3 1 mO 

2450 

2960 

2840 

2.518 

i Q 77 

2.387 

2.2goV 

vSrn2(S04)3,MHi»0 







,\ 


IvSo 

32S0 

357 '-^ 

3100 

29S0 

2.383 

1.805 

2-253 

,2.167 ^ 

Along ^j-axis 

i6t» 

33^10 

2780 

3330 

3320 

2.282 

r.793 

2,148 

3.074 ' 


140 

3720 

2920 

3180 

3380 

2.099 

1.618 

1.964 

i.go4 


120 

4000 

3200 

376'' 

3650 

1-934 

J-,S -)7 

i.SiS 

1.766 


roo 

42^0 

3570 

4080 

399 ^ 

1.738 

1,441 

'T.646 

t,6o8 

i 

1 

«s 

1 

4620 

,10,10 

439 '' 

4350 

1-58.3 

1.384 

' 

J.490 



1 


X~ 


A*;! 






2400 

222U 

-’ 34 '' 

2.095 

2.690 

2-833 




2 So 

2/\6 o 

2270 

2400 

2.783 

2.564 

2.710 




260 

25/10 

3330 

2470 

2.6^2 

2.145 

2.589 




240 

2630 

2410 

2560 

2-545 

2.330 

’’•173 




220 

2740 

‘ 2500 

2660 

2,4211 

3.218 

2.39^. 




2r)0 

2850 

2600 

2770 

i 2.295 

2.094 

2,230 



■ 34H2O 







Along ^x-asis 

3 So 

2950 

2690 

2860 

1 2.144 

1.95T 

2.080 




Thu 

3090 

2820 

3000 

1 1.996 

1.817 

T.936 




T40 

3340 

2950 

3140 

I i.827 

1 

1.663 

1.772 




l^O 

3470 

3180 

3380 

1 J .678 

i 

^•539 

1.598 




TOO 

3890 

3620 

3800 

I-S 70 

i -459 

I-S 33 




8s 

4240 

40S0 

4190 

1-454 

1 

1-349 

.1-419 
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Prank finds tlmt a fourth degree cubic field producing a separation of 
about 300 cm~' explains satisfactorily the observed deviation of /a* of SiUalSO*).,, 
at different temperatures from the free ion value. She further finds 
that a rhombic field, large enough to separate the upper level by as much 
as 65 ciu~* which is nearly a third of the sej^aration produced by the cubic 
field, does not affect appreciably the mean susceptibility — as indeed wo should 
expect. 

We may also in this connection point out that, just as in , and 

unlike in Nd*’* ^ , the .sixth degree terms of the cubic field have no effect 
at all on the splitting or on the magnetic susceptibility. 

In Fig. 3 are plotted the values of Freed for the mean susceptibi- 
lity of Sin2(SO*),T SHiO, along with the author’s values. It will be seeii from 
Fig. 3 that ])reseiit values for fi" are uniformly higher, and hence closer to 
the free ion value, than Freed’s. This will correspoud to an appreciably 
smaller cubic field than that required to explain Freed’s value.s. 

This is satisfactory, since assuming the field to be of the same magnitude 
as in the octahydrated sulphates of the other rare earth ions like praseo- 
dymium and neodymium (Mookherji, 1949.) which are isoniorphous, one should 
expect a splitting of about 180 cm' ' instead of 210 cm”’ found by Frank to fit 
with Freed’s data. The splitting 180 cm” ‘ will fit satisfactorily with present 
values for the mean of the three principal susceptibilities. 

There is one other important feature of Sm"’"* ion, which distinguishes 
it from the rare earth salts like cerium, praseodymium and neodymium con- 
sidered previously aud which is associated with the level “H?/* of the free 
ion of Sm^’' not being sufficiently high. The separation is only about 930 
cm”’, whereas RT even at room temperature is about 200 cm”*. For the 
free ion the upper level corresponds to an effective square moment, 
equal to 10.8, aud lower one to /i“gioumi equal to 0.72 ; so that even if a small 
percentage of the ions occupy the upper level, the contribution from it to the 
suscejitibility will be considerable. Indeed, at room temperature, when both 
the levels are occupied under equilibrium couditious determined by the tem- 
perature, the average square moment of the free Sm'*'** ion is about 2-5 show- 
ing that the contribution from the "Hr/ a level is even more than that of 
the lower level. Now from disposition of the split levels of “H,/ a and “Hs/g 
under a non-cubic field given in Fig. 6 , it can be seen that for a given asym- 
metric field the contribution from the upper level to the susceptibility will 
be much more anisotropic than the contributions from the lower levels. Thus 
as we go to low temperatures, the population in the ‘Hy/a levels diminishes 
progressively according to the Boltzmann Law, aud it will be not merely the mean 
.square moment /A®, that will diminish rapidly but also the anisotroiiy. This 
diminution of anisotropy with fall of temperature i^indeed so large that it 
more than compensates the natural increase of A/a*//*® which accompanies 
the fall of temperature in any typical paramagnetic substance. This explains 
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why in ion the effect of the upper level not only co«ipen$ates this rise, 

but actually makes decrease with fall of temperature whereas in 

praseodymium, neodymium and cerium salts the anisotropy Aju®//!* increases 
with fall of temperature which is the normal behaviour. This will be clear 
from Table V which gives the values of (Am® referring to the difference 

in values for the two extreme principal susceptibilities) at room temperature 
and at 85°K, for the isomorphous hydrated sulphates and also for the 
hydrated double nitrates. 


Table V 


MafSOda 8H2O, M ^- 

Ce* 

Pr 

i 

Nd 

Sm 

t 


at 

30 o“K 

8 s'K 

09 

*23 1 

1 

00 

.T1 

■»7 


i_ 

MjMgj (NOj) ,2 24H2O, M = 

.i6 

•79 

Pr 

1 

Nd 

Sni 

r 

V 

at 

3 oci'’K 

8 s“K 

.07 

.09 

•07 

•34 

.07 


* Crystal measured was CelNHdlvSOdj, /1H2O. 
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BAND SPECTRUM OF CADMIUM BROMIDE 


By C. RAMASASTRY 


(KcceivcA for publtcation, Feb. ij, jq.jq) 

Plates XXIIA and B 

# 

ABSTRACT. 'J'he H, F. emission spectrum of eadminni bromide molecule i.s reiu- 
vestigated P, componeiit head spliltiiig i.s presented for the (o, o) and U, i) bands of 
the mam sy,steni and a few additional bands are assigned to this s.v.slem. 'V new group of 
bands is imerpreled as forming the counterpart of the nuin sjstcm which arises from 
*n ~ 52 transition. About 50 biind.s arc measured in the visible region and regularities 
.shown. 


1 N T R O D i; C T I O N 

In llie early work of Walter and Batralt (1939) on the absorption spectra 
associated with various compounds of zinc, cadmium and inetcury, about 12 
bands were listed in the region ^3551 to A3407 as belonging to (Cd + Br). 
But the wavelength.s of the.se bands agree closely with the TlBr absorption 
band heads obtained later by Butkow (1931) and so the bands are considered 
by Pearse and Gaydon (i9di) as really belonging to TlBr bnt not to Cd Br. 
Recent investigations of Oe.scr *^1935) Bie absorption and fluorescent 
spectra of the halides of zinc and cadininm did not reveal any discrete bands 
of the CdBr molecule. The liigh frequency emission spectrum of cadmium 
bromide vapour was studied Iry Wiclaud (1929) who analysed a system of 
violet degraded bands of high intensity, lying in the region AA3250*" 3120, 
as consisting of six sequences with the (o, 0) band placed at A3i76!6s, 
V 31470,5. Pie also listed three unclassified bands at ^3395.1(3), 3092.5(1), 
3075.4(0). The existence of difluse bands in the visible region from A6400~ 
A3300 was just mentioned by him but no mea.surements were given. Howell 
(1943) considered, from an analogy with tlie band systems of the other halide 
molecules of Zn, Cd, and Hg, that the system analysed by Wieland should 
be one of the components of transition; but the other component 

system could not be established. The present work is taken up with a view 
to finding out this missing component system and to search for other band 
systems of CdBr which would corresjmnd to the various known sysiems of 
the related molecules. 

E X P R R 1 M E N T A b 

it 

The discharge tube is of thick-walled pyrex glass with external elec- 
trodes, the source of excitation being a H. K. oscillator constructed by the 
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aullioi . Heating is done l)y an cliia Ininicr until the colour of the dischar.ne 
IjccoiiiL's intense vvhilL'. Ilford Selo eliroine and vS|>eei:\l iai)id plates are 
employed for ])holo,L;rai)bin.i^ llie lianels PiLlnninary investi, nation is carried 
out U'ith ITil.eer ^inal! and meiliiim (puirl/. s[jectroy raplis iisin^^ I>lnlcs sensitised 
for tile far ultra-violet. 


K ]{ S TT L T S 

(a) No bands aie fiblained in the rea^ion A^ooo A r(S5o but forn broad 
and ill-defined contiriiia are recorded exlendiii.CA ovei regions (/) AA ^550 
HI) AA ,.>(■) 7 o ::!p6n (///) AA^' 7 ( 7 o ” :!7S5 and (it) AA2875 — ^g^o. 

(h) "rile visiide bands, clearly red-dee. raded, occur in llie legioii A.juco-” 
"^3‘\So ()]' these, those lying between A4. 100 Ajofni aie of greater intensity 

than the rest There is alsf) a stioiiL* geiieial continnnni oveiiying the visibjle 
bands* 'i'liis conhinuini ...ladnally fades away 10 shortei w a\’eleiigllis and ^s 
practically iinperc‘e])t ible at alioul 

(r) An isolated violet degiaded band at j and anolhei iainl band\ 

at A34.VI, obviously related to llie former, could l)e definitely observed. 

id) 'riiL Wieland s^^sleiii (K'cujs in tin- regiDii A i;e3o ^ A3100. This 
consists of tile most intense Ijands of the entire,' Sjiectrnm. 

(e\ A few faint bands in the A3(K)() legion eould be detected in the 
lotational stnictiirc of the ( )H band, A^oC).]. 

» 

SYSTKIM /I 

Wielaiurs system (system 7 b) is pliotograi>hed b}' the author on the 
Hilger (piarlz Lillrow' spee lr(»graph. Ugliler exposures showed lliat tlie 
(o, ol ancl (i, i) ])ands are split ii]> into twa) Cemipement lieads (Plate XXIIA, 
h'ig. a). Such double heads aia- nut observed for any of the remaining hands 
of the system. JTcnce the above coiniioncnts cannot lie due to bromine isotui)e 
effect but aie to be considered as and Q heads Details of nieasnrenienls 
are given belo^^ : 


TAiuai 1 


bA v") 


O, n 


g 1 



•' iiahr.v 

3' IP- s 

r.'c.; 

% 



.P vvv ; 




A 
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ihc number of coniponenl heads observed in each 1>and i;ivcs the conclusive 
evidence for tlie consideration that the system is due 1o"ir--^’!£ transition. 
1 hen the other component system should also be pres iit, from the analoiLiy 
of the spectra of the corresijondini; molecules. 'i‘lic three unclassified liands 
of Wieland ui the A3005 region cannot form the inissin.e component system, 
for (/) they e^-ve S.\o cm"”^ hir the * 11 width which is loo small eompared with 
the expected value of r t pi clenh’ed from the 'P separation of the Cd 

atom iii] there are no reyiilarities anioiiy tlie bands In the leejon of tliese 
iaint bands listed by Wieland, a few more bands also could be iiieasuivd in 
the present work ; the [jreseiice of a band is suspeewd wherever there is a 
shadin.e of the rotational lines of tin, ( )!! band (Idate XXIIA, Fie- fO. This 
Iraementars’ iU'onp can liu inlerineted as fonnlnp; the hie, her members of 
the Wieland system and the bands are classified acc'ordingly in 'Table 11. 


TAin.l II 

Ailditional Hands in the D-system of Cdlfi' 


Wieland : 

Aid Ik '1 




(v', v"\ 

A (Ijll.) 1 

A ('Jilt ) 

/'nlif 

I'cnl 


(3) 





(■r, 

;j( Ji.) ^ 1 1 ; 


.■> C*' ' / 

3 2 33 1 ■ 3 


'1) 


K-)Sn ) (cj 

\ • vXS 

3 ’ 

1 

1 

1.;, 1)', 

.V'7.s T-l 


.-•-'S' '3 

^ >SuS s 


(i, 21 




^ 13 ’0. 1 


( 7 , ,0 



.V 3 .-;o 

'• 33 M' 1 


(S. 41 




3 ’V/; ] 


1"’. 


V)as ■ Mj 

; ■ 



0 1, 71 


ca |.Pm) 

> w 1 ^ 



Ijj, n) 


i 


The [lositions ol the vaiioiis hands is calculated witli the Ik Ip of the formula 
»’“3i45S,3 I :^54 — 2 yiaa' /r'M- i) 

o . 75 ( // ' 1 i ) -r o . 50 I i j '■ 

whitdi was derived ])y Wieland (hijkj) to represent the 7)“Systein. 1 he above 
Ixinds form a continualion cd' llie intensity parabol.i when arranged in a 
Deslaiulre's tables thus supi)orting tJjeir jKositions in Hie viliratioiial scheme. 

s y 's 'I' IV ]M r 

With the liands on the shoit wavelength side of the I^-systein liaving 
been classified as above, the only alternative left is to identify the two 



456 


C. Ramasastry 


isolated bands at A32C)8.i (3) and 3323.7 (i) as the other coinijonent of the 

doul)lct system "l-I - ’ 2 . These bands are sho\\n in Plate XXIIB, Pip. c. As is 
expected from wlial is found in the corresponding band systems of C'dCl 
and Cdl, this system is Iragineiitary and occuis on the long wavelength 
side of the fully developed counterjiart coin])onent analysed by Wieland. 
The bands are arranged as hereunder giving a lower state first difference of 
23/] units which comjiares well with the ground state vibrational fretjueucy 
of 230 units which is e.stablished from the analysis of the D-.systeiii. 

TAlH.li III 

C'-systein of Cdllr Bands 


v" 




( 1 

I 

v' 


1 

1 

1 


— 

1 




() 




l> 3U3I2 

.13.1 1 


Iturther, the seiiaratioii between the (0,0) band of this system and that of 
the P'System is 31470 — 303 1 2 = 1 158 cm.“’ which is in such excellent 
agreement with the jiredicted 1 1 pi units that one can confidently con.sider 
the missing component of the '11 — "2 traiisitioii as established. 

V n I, K S Y S T U M 

111 none oi the* invcsti.^utioiis on the spectrum of the CdHr molecule 
are iiieasurcmeiils available for the liaiids in the visible region. In the iirescnt 
work, these bands are photographed on a I'uess glass speelrograph. At 
higher dispersions the band heads beeaine diffuse. Waveleiigtlis, visual 
estimates oi intensities and wavenumber data of aljout 50 bands are given 
111 Tabic IV. 

Plate XXIIB, I'Mg. shows an enlargeinent of the I'uess spectrogram. 
The Imiids are clearly red degraded. Tlie heads are single. They are almost 
eipirdly spaced. The separation of bands is about 110 cm,“^. Assuming that 
the lower state of the visible bands of CdBr is identical \^nth its ground state 
these bands can be arranged into long progressions. Ivaeli progres- 
sion consists of alternate bands and gives a first difference of about 220 cm.“^ 
for the lower state. Tliese regularities are shown in I'able V. If the scheme 
is correct, there is jiredissociation in the upper state at v^- 2 . 
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T/vblk I V 

CdBr Visil)lc Bands 


A. 

1 

Tnt. 

1 

( 

I 

! 

\ 

lilt 

j ^^rnc. 

392 «.i 

i 

! T 

i 

4355-4 


22054 


1 

I 

437 *^-'' 

3 

2JS44 

3944 '3 

1 

' 2 ^ 3-1 a 




30- -4 

' 2 

2^2 

13 q 8 .i 

3 

22731 



1 


3 

2 ^620 

3Q78 4 

T 

■ 25121) 




3907-3 

2 

250 r'l 

44 ^ 8 . •) 

! 

22522 



, 

44 ' 1 7 


2-1-1"'; 
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K L E C T R O N T C S T A T E S. 


Fcnar band systems arc established in the ease of each one of the 
molecules CdCl and CdT, one in the visible, two in the ultraviolet and 
one in the far ultraviolet. [Wieland 11929), Howell (1943), Raniasastry 

and Rao (194G), Raniasastry (1947)]. Ihere is good evidence to consider 
the two near u.v. systems as due to * 11 -' transition* The visible system, 
however, is probably due to transition. The corresponding systems of 

CdBr also can be interjneled accordingly. The lar u.v. system of CdCl and 
Cdl have their (0,0) bands at X220S and A2387 lesj^ectively . But in the ease 
of CdBr no such band system is obtained in tliis region of the emission 
spectrum excepting a continuum from A2550“- A2500. If, in spite of the 
disagreement in the region of occurrence, this continuum is supposed to 
correspond to tlie far u.v. systems of CdCl and Cdl, the difficulty still 
remains because this upi)cr state of CdBr is re[mlsive giving rise to continuum 
. 5““j7i2r‘— 10 
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instead of bciiift stable as in CdCl and Cdl molecules. In CdF also 
(Rochester and Olsson, 1939) the corresponding system is not observed Init 
this region of the CdF spectrum is not yet systematically investigated owing 
to experimental difficulties and in all probability a band syteiii of CdF 
should exist round about A2T00. On analogy with Zri halides (Ramasastry, 
11)48) one more band system is to be expected for cadmium halides also 
between tile far ultra violet and “TI — "2 systems. But no definite evidence 
is as yet available as regards their existence, though about twenty 
diffuse bands are observed in the expected region (author's unpublished 
woih on Cdl). Probably the level is repulsive in Cd halides and one of 
the observed near n.v. emission continna of CdKr may iis well be due to 
such au uustable level of this molecule. 
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STUDIES OF A SCHRAGE THREE-PHASE SHUNT 
COMMUTATOR MOTOR 

11 . Behaviour of the motor running super- synchronous 

ON NO-LOAD AND SUB-SYNCHRONOUS ON LOAD FOR 
IDENTICAL BRUSH POSITION. 

By H. P. HHAT'rACHARYVA 

[Received for al ion ^ 

ABSTRACT* This paper deals with tliu vertoi and lueus diam aui'^ iT a Srluage Uireu" 
phase slunit coriiniutalor iiintoi when its bruslu s are set in such a way that while Ihe speed 
is super-synehniuoiis on no-load, it heeomes sub-s\ julimnoiis on load. 

T N T R O \) tT C T I () N 

In a hnisli-shiiting couniiutator motor it is well known that the slij), 
which is assumed positive w hen it runs al a suh-synchronous speed, becomes 
negative when the speed liecnmes sui)er-synehrojious owdiig to the rolatio]i of 
air-gap flux in the latter cavSe being opposite to that m the former. In both 
the cases the impressed voltage from the brushes shall oppose the voltage 
induced in the stator and this explains wdiy the brushes have to be crossed over 
in order to make the motor run al super-synchronous speeds. 'J'he voltage 
induced in the stator varies with slip wdiile the magnitude of the brush 
voltage depends only on the number of the commutator segments between 
each pair of half-brushes that may be connected to the Iw^o terminals of a 
stator phase. This is, briefly speaking, the intenial bchavioui of the machine 
in the two distinct si»eed langes, namely, the range of speed with the slip 
varying from o to I r and that wulh slij) vaiying from o to i. Vector 
and locus diagrams for each such speed range have already been obtained by 
Arnold (1Q26), fonrad and others (ro.iiland ])y Blialtaeliaryya and Del) 
(1949), assuming the impressed voltage from the biushes and that induced in 
the stator to be in opposition. 

It is, however, likely that under certain brush settings the motor will run 
at a super-synchronous speed uii no-load and al sub-synchronous speeds on 
load that may be well wdthin the full load capacity of the machine. This 
is, therefore, a new running condition where the slip becomes negative on 
nodoad and positive on load. This interesting case has not been dealt with 
so far by previoiTs workers in the line. I'hc authoi, therefore, thought 
it desirable to undertake a study of the motor under such brush settings 
in order to derive suitable vector and locus diagrams to represent its action. 

VICTOR 1) I A n R A M 

Since the no-load sjieed is super-syuclironous, tlie brushes arc definitely 
crossed over. But as soon as a suitable load slows down the machine to 
some sub-synchronous .si^eed, the rotation of air-gai) flux becomes opposite 
to that at no-load so that the voltage induced in the stator changes sign, while 
the Voltage from the brushes remains exactly the same as at the no-load 
condition. Hence these tw^o voltages become now additive instead of being 
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huijtraclive. I'lie vector and locus diagrams under this condition will thus he 
entirely diffrenl from those hitherto obtained for the speed ranges of the 
motor with the slip varying from o to -1 - 1 or trom o to —i. 

h ig. J gives a schematic representation of the vector diagram when the 





hJip of the motor varies Irum negative on no-load to positive on lo^d. It can 
be easily seen that the resultant voltage on the secondary side is now the 
vector sum of llie voltages SJi^i and The secondary current thus 

considerably larger than what vvonhl be for the motor running at a snb- 
synchonous speed for similar brush spread with SEj and opposing each 

other. The reflection of I > on the primary side is still largei than that of an 
ecpial current when passing Lliroiigh a similar secondary witli SEy and ckZll 
opposing each other, because the whole of the stator and lap winding ampere- 
Uirns are now demagnetising with resiiect to the primary ampere-turns, 
whereas, in the ordinary snf)-syiiclironous condition (SE^ opposing ^El) the 
stator ampere-turns are ckmagnelising and tlie lap winding ampere-turns arc 
magnetising with respect to the primary. 

C'l R C X, K D 1 A (; R A M 

The circle diagram can be olitaiiied either directly from the vector 
diagram already obtained or by considering sepaiately llie circle diagrams of 
the currents /i, and 7s on the secondary side and reflecting these on the 
primary. 

In the former case referring to I'ig. i, the following relation can be 
obtained. 


31^1 — 12^2 cos sill O — 'JEi. cos(p^6} 


U) 




Schrage Three-phase Shunt Commututor Motor 4tl 

I'i'oiii I’ig. 1 . vvc also get 

s = r j! ^ 

/iiA\ cos 

^Eijtn smip-O} — I ^ cos ^ 

cosi/j I h- y ^ a j sill 

Kroiii equations la) and ( 3 ) we obtain 

^= -ciV' 

Since in our piesent case Sh.^ and ‘^El are additive, the standstill relatii^n 
betw^een 7, and 7.. will be 7,— — 7 .(t ! 7d. Hut at any slip .S this relation 
changes to — — 1 .As + p). Substituting thereiore 7,= “7j(.S' i y j in equation 
( 5 ) we get 


[ 2 ) 

i.o 

(^li 


5— Ian a 

X. 


[As "T p)X I 


so that 

7^(kS - r /qXi — 7^2 Hah O — SX 2 

... (b) 

and finally, 

7vo tan 0- jZX , 

A 2 pX 1 

... (7) 

h'rom Fig. i, 

we have 



E, cos V cosi//-Ej7i 

... (S) 


El sin 0= V sin '^ — l^Xx 

... ( 9 ; 


hroiii equations (i) and (4) 

57 ii =-v 7 Jv^ cos sin ^-7^{E,+ /,Ab sin d\ 

vSubstitutiog for /i= - 7 ij(.S + /:>) w'e get 

SEi LJ \2 cos 0 A- SI -^X 2 ^hi - p\Ei — L^iS p]X f sin 6*)} 

— lol'^'^ cos 0 A- SI 2X2 sin O^pE^ -\- J 2 sin 0 \p{S A- p}Xi\ 
Substituting for piS p)X from equati(.n (6) w e get 
pE,-\ SE, =/o 7 ^, cos [2E2 sin tan 0 . 

Substituting for 5 from equation 17) 

I A^}LJL-A^^e, = IJ<^ cos i /,R, sin h tail 

+ pX , 

Hence, 

E, cos < 9 ( 7 ^. tan 6^ — y?"A J + /A co-» ^ [X^-^ pX^jp — lnK^^X^-^ pX ,) 

From equations (cS), (g) and (10) 

I I cos V- ~ RJi 1 1 R- Z m' + ' >■ ■>- > ) 

I |/ cosy — KiVj \ 

— / :ii\.3(A^2 1 ) 

Then, 

F siiii/'tRaO“ V cos^^pRJ — I iRiU’R A a 4 y>A i ) +7,A jRj ... (ii) 
This equaliou ui) follows directly from equation 'lo) which can be 
regarded as an equivalent transformer equation of the motor, as 7 ^ 
has been expressed in terms of E^. 


iO 
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Therefore in equation (ii) we can write 7i= -ioli +7’) and we get 

8iin^ (F A',) t tW (F y)A2j= A,M'. + 

f 1 

For a constant ai)i)lied voltage tlie cinantities v itliiu brackets are 
constant and substituting!., K and i\/ respectively for them, we get 

I. !sjn cosi/' = M/i 

Putting 1 1 snu/' = A ; and /i cosxj^ — y 

L -^-\ K y ^MI, 

1 1 i j 

Or, L.\ + Ky — M{x~ -\- y~) ... (12) 

which is an eciuatiou of a circle whose centre is the ))oinl 
whose radius is A, where, 

A = 


L 


K ^ 


2M ’ 2M I 


anc) 


) ■"('if)’ t 


h 


Now taking OF as the Y-axis and substituting for L, K and M as follow'S, 

L=F R, 

K “ F pX .2 and 


M 


= 1 Rd>X.2+X,R2- 


the circle diagrams can be drawn for different values of p. ^ 

Alteinaiively we can proceed as follows. It is known that the resultant 


(13) 


current 

on the secondary side 7^ is the 

vector sniu 

voltages 

cxEl and SEi taken sepcratcly, 

where, 


l,.= ^ 



^ (Al + As)= 

+ LSA\? 

and 

/s= 

1 _ 


^(Au-I-Af;)^ 

HsxVr 

also 

/s= 

. _ _ 


Rl + !v,s 


+ (A- 


(14) 


from equations (13) and (14) it is evident that each of L and h has a circle 
locus and Fig. 2, shows how they are related. 

T' and N' are respectively therefore the loci of /l and 7s and their 
reflection on the primary tSde arc T and N. The resultant reflected primary 
current w'ill have anothei circle locus given by the resultant of T and N, 
whose centre will lie at the intersection of the perpendicular bisectors of 
OA and OB and whose radius will be the distance from 0 to the centre. 
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It may be noted that each of T and N will be times V and /V' 

resi)ectively. The total priiiiarv current is, however, given by additig the 
magnetising current to the reflected current from the secondary. 





DISC IT vS SION 

In the al 30 ve treatment a syinnictrical brush position has been assumed. 
It may, however, be noted that with unsyinmetricai brush positions, only the 
inclination of the brush voltage with the voltage induced in the stator will 
change. As a result the re>sultaiit voltage on the secondary side will change, 
but even then the motor can run at a super-synchronous speed on no-load 
and at sub-synchronous speed on load for identical brusli settings. It is to l)e 
noted further that foi a different brush i)Osition or no-load speed, there 
will be a different locus diagram and each such diagram will give the locus 
of only those loads that can reduce the speed of the machine below 
synchronism. 

Ill addition to a symmetrical brush position, it lias been assumed further 
that the primary leakage reactance and ^hc resistance of the secondary-la]j 
circuit are constant and that there is iiQ leakage between the primary and the 
lap winding. These assumjjtions if not realised in practice may lead to a 
discrepancy between the experimental and theoretical locus diagrams. But 
the preliminary results of rneasuiements made on a B, T. H. brush shifting 
shunt commutator motor show good agreement between the two. A detailed 
report of the experimental investigation will be communicated in due 


course. 
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N O T A T T O N S T) v'i R D 

rrh CSC refer to per-phasc values and il is assumed that the ratio of turns 
of the rotor primary and the stator secondary is unity J 

['“Primary applied voltage. 

Primary induced voltage from the stator at standstill. 

.S = Fractional slip. 

?/ = Ratio of effective lap turns for 180 electrical degrees brush 
disi)lacement to effective stator turns. 
cx= Ratio of effective lap turns for brush displacement of ft electrical 
degrees to the effective lap turns for brush displacement of 180 
eleetrical degrees, where, (X = sin /?/2. 

.S’Fi = Stator induced voltage at the slip 5. 

= Voltage iudticed in the lap winding between a pair of half-brusfies 
when they are sej>a rated by tSo electrical degrees. 

EjJ n = Ltii\) imhiCQcl voltage on the primary. 
cxF|, = Voltage injected from lap to secondary. ^ 

1 , — Primary current . 

= Secondary stator-lap combination current. 

Primary resistance. 

= Primary leakage reactance at .supply frequency. 

/\. --Ki'fectivc stator-lap combination resistance. 

Effective stator leakage reactance at sniiply frequency. 

= Angle of lag of /y from 

0 

Angle of lag of /, from EiJ n 
lit = Angle of lag of E from V 

ji = c>r M 

Z\7, = Iyap winding resistance. 

/\s = Stator winding resistance. 

Zl — Current in the slator-la]) comlhiiation circuit due to voltage a /n . 
7;;^ Current in the* stator-lap combination circuit due to voltage SKi. 
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ON THE RAMAN SPECTRA OF SOLID CH.Cl AND CH ,C1 * 

Bv N. C. MAJUMDAR 

{Ki'cfhed li>i ftublii-alinn, /III); i()^t)] 

Plate XXIII 

ABSTRACT. The Raman . spectra of methyl ehloricie ani 1 metliylem- elilon’ile in Hit- 
■sulKi stale at -- r6o°C have been investigated and compared ^\ith those tor the li(|ni(l and 
ga.seous states. In the former ea.se the Ircqueney .shifts of almost all the Raman lines ate 
ob.servcd to dimini.sh when the change either from ga.seons to liquid stale or Irnin li()uid to 
solid state takes place. In the latter case, however, such ehangc.s in the fvei|ucneie.s of the 
Uaninn lines are smallei and only those o( the deformation oscillutii'iis ate found to 
diminish eon.sidcrably. No new line.s in the I-iw frcqueiiev regioti have been observed in the 
Case of .any of these two .sub.stanecs in tin .solid state. 

1 NTRO DUCT ION 

Raman speclra ot many simple molecules such as llCl, CO;., C'vS^; and HaS 
have been investigated in all the three states — gaseous, liquid and solid. It has 
been observed that in .some of these case.s some changes take place in the 
frequencies of some of the Raman lines and these changes may he due to 
changes in the configuration of the molecules. Such data, therefore, are 
helpful in understanding the influence of iutennolecular field in the state of 
aggregation on the structure of the molecule. Data for the .solid state, how- 
ever, are not available for many other simple molecules. With a view to 
obtaining such data in the case of a scries of such molecules, a ]jrogramme of 
investigations has been undertaken and in the present investigation the results 
obtained in the case of methyl chloride and methylene chloride in the liquid 
state at the room temperture and in the solid state at about - 160'^C have been 
discussed. 


K X P K R 1 M R N T A h 

The liquids used in the present investigation were obtained from an old 
stock of Kahlbaum’s sealed bottles. Mytbyl chloride was used in its original 
round bottomed sealed tube and was not redistilled. Methylene chloride was 
redistilled in vacuum. In order to study the Raman spectra of these two 
substances in the solid state, the low temjierature technique used previously 
(Majumdar, 1948) was employed. A Fuess glass spectrograph having a 
dispersion of about 13,5 A-U. in the 4046 1 region was used for photographing 
the Raman .spectra. 

* Communicated by Prof. S. C, Sirkar 

- 6— 17T2P — 10 
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RESULTS AND DISCUSS TON 

The spectrograms for the liquid and solid states are reproduced in Plate 
XXIII. The frequency shifts of the Raman lines are given in Tables I and TI 

along with those for the vapour stale for comparison. The data for the 
Vapour stale are those reported by Nielsen and Ward (1942). The data for 
the liquid state reported by Wagner (1938, 1939) arc also included to show how 
far the Raman spectra of the liquids recorded in the present invesligation agree 
with iJje latest of those reported by the previous workers. 


Table I 

cn»ci 


Vapgur 

Liquid at 30 1 

1 Solid at — i6n“C 

Nielsen and Ward | 

1 

Wagner (103K) : 

Present author 1 

Present author \ 
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2955 i 

2957 (lo) e. 1, k 
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3040 (2b) ; e, k 1 

3032 (2) ; e, k 


Table II 



CH3CI, 
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at 3o'’C 

Solid at Tho'‘C 

Niflscii and Ward j 
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I 'recent authnr 
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398^ (s); e, k 

5002 (5) 

3‘>45 (3! 

3056 13b) ; c, k 

3058 (a) : k 



Hg 4046 


^1; iUMDAR 


PLATE XXI 1 1 


00 

in 

m 


'OH 




Raman 

Spectra. 


Fig, 1 

- Cl], Cl, 

Solid cil 

-160''C 

Fig. 2. 

II 

Liquid at 

30''C 

Fig 3. 

- CH,CI., 

, Solid at 

- 160‘C 

Fig. 4. 

— 

Liquid dl 

30'C 



467 


Raman Spectra oj Solid CH,CI and CHCl 

Methyl Chloride — It will be seen fioin Table 1 that in the case of methyl 
chloride the frcqueucy-shift of the line due U> C-Ci valence oscillation 
diminishes considerably when the substance passes eithcM' from the vapour to 
the liquid state or from the liquid to the solid state- The value of the 
frequency-shift for the vapour is 726 cm"'’ which diminishes to 709 cm”^ in the 
case of the liquid according to Nielsen and Ward (1942). In the j)resent 
investigation this is observed to change finally to 695 cm'^^ in the case of solid 
at and Av for the liquid state was i'uitnd to be 712 cm b Thus the 

strengtii of the bond seems to be weakened by the induence of moleculai 
field. The frequencies of the lines due to C-11 valence and defoniiatiou 
oscillations also diminish slightl} witli tlic change of state, but tliis change is 
a little less than that observed in the case of C-Cl valence oscillation. The 
spectrogram for the solid state, however, did not show any new line in 
the ueighliomhood of the Rayleigh line. 'Phe changes in the frequencies of 
the Raman lines, and consequently, in llie strength of the C-Cl and C-H l>onds 
which take place with tlie change of state and temi)cralure of the 
substance are thus due to the presence of the large pcniianeul electric moment 
ill the molecule, it is quite evident that in the state of aggregation in the 
liquid the inlermolecular field is strong enough to affect the strength of the 
bonds and when the molecules further come closer together in the solid state 
the streiigtli of Lhe intermolccular field increases considerably and the 
strengths of the bonds are diminished apprecialdy. 

Methylene chloiide. “Phe data for the vapour, liquid and solid states 
given in Table II show that the majoi change occurring in the Kamaii 
spectiimi of the substance with its solidification at low temperature is the 
splitting of the line 737 cm^’ into two lines at 730 and 745 cm""^. 'Phis line is 
totally dej)olarised according to 'J'rumpy (1934), and therefore, it represents the 
antisymmetric valence oscillation of the CCU group. The splitting of the line 
into two components shows that the unit cell contains at least two molecules, 
11 ic influeiicc of molecular field on one being sliglitly different from that on llic 
other. Kvideiilly, the lattice differs from a ciil’)ic one. The crystal structnre 
of solid methylene chloride has not yet been investigated and therefore no 
definite information regarding the actual stiucturc is available. 

'Pbc frequency of the line 2S5 cm“’ due to deformation oscillation ol the 
CC12 group increases and that of the deformation oscillation of CIR group 
diminishes » little when the liquid is solidified. The strengths of tlie C Cl 
and bonds, however, <lo not seem to diminish considerably witli tlie 

.solidification of tlie substance as can be inferred from the fact that the 
frequencies of the symmetric valence oscillations diminish very slightly, Hy 
comparing these results with lho.se for methyl chloride it is seen that a 
smaller value of the permanent electric moment in the present case produces 
such a distribution of interiiiolecular field in the solid state as affects 
considerably the frequencies of only iiartjculai modes ol vibration, the 

deformation C-Cl and C-II oscillations ; but tins change is an increase in the 
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former case and a diminution in the latter case. This again may he due to a 
non-cubic infcrinolecular field in the crystral. 

There is no indication of any new line in the low frequency region in the 
speclrogram due to solid methylene chloride, although the rotational 
oscillation of the molecule in the lattice, as postulated by Kastler and Rousset 
can take place in this case about a line bisecting the Cl-C-Cl angle- 
On the other hand, all the bonds are single in both methyl chloride and 
methylene chloride molecules and there is very little tendency loi dimer 
formation- Therefore if the new lines in the neighbourhood of the Rayleigh 
line in some other cases be attributed to oscillations in dimers in the solid state, 
the al)senre of such lines in these tw^o cases can be easily understood The 
fornialioii of loose associated molecules will not produce any sliarp new Raman 
line, but it may produce very broad band in the low frequc-ncy region. In tlie 
case of metliylene chloride there seems to be a continuous wing extending 
from the edge of the Rayleigh line up to about oo cm"' from it and this may 
be due to the vibrations of loosely associated molecules against each olher iii 
the solid stale. 
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PLAUSIBLE SPEED IJMIT FOR METALLIC PROJECTILES 

liY K. R. DIXIT 

hi} piiblh 1 

ABSTRACT 'J'lic llii’lii »»! .1 imLilliD ]>iT>i('t 1 ilc is ilisi 11^' i il in 1 \vi > si IkudL' ( (/^ 

in IJiD J'xn llTs nlnif -.[jlju <' .mil (/U 111 iIk inU 1 ll.n ‘’p.ut* it is slu n llui j m tlir 
[ilini 's]>lii‘rr 7 .Mill'll nniiilicr^ jjijU'Di I" l)i tin jil.iirnhlt limit Im Iniin (liii.ilmn 

iLyjit, In Lin. intiistf lEir '.]);>* t il i- slmwn lli.il win n llvini; nilli n i puil, i\iiii'lj is^r.nnli 1 
tliiin lln \ I liu'ily u( rsc'Dpr i i .in tin' sinlnDr n| llu ICnlli llif' limh' will In wnninil ii]> 
in ;i sliniT intrival.*] linu Un IIk'Jmwu plant to sju li an i xlint Hint w r iia\ i inaiipls toil 
(In ( iiualtiMis >\ crniiiLi tiu' -lalnlit' o| Lot hoiln's in inliistillar sjsai n Tltir wn liml 
iliat “iii'iiKtaUii ]M'-')riLili is t..«i -m.ill loin .MaLlr Lasih, stai linn tiom tin ri[iia1ions 
of WLnni 1 ami v^mt/ (ni^o.) ninl rou-aiU 1 inn tL' r. mn- nii. >n Litwvui tLir <.‘l:oTu' pioptiliis 
o| oiiliiMi) nu'tals aiul llu oi sonml in tLosi nn't-ils, i1 is ^lio’.\n lli.it .it ^pnils 

ui I .lU 1 tli.in till. \ol(Kii\ ol s( >nn<l m nil lals, tlu [u rim lIiitl’'. oI tiu clrclinn nloinl will 
Li' j aiic vi ry lari.H' ami ILn.^ main, tin nu tal i<.:la(i\ ol\ li m '-taLli.^ in llii st.iii 

niy'Jil of iiictnllic pi (i-joctilLs ni liiyji .-.petals is assiniiiu.u inciuasiiig 
ii] ipovUiilcc. Ill the c ( msiilei at joii of tliC nio\'eliK'iit of sticli pi oiocl ilcs 1 \\ 0 
So]);uaLo <tiscs hd\-. to ho oonsitloiTd; tlie (Utilii iii iho Iinrlh s almoS]ilK’rt‘ 
aiul (2) tile ilnjit 111 the intcmtellar i-jiat'o. We shiiH coiisuiLi thoso 1\\ o in 
that 01(1 oJ , iMiitlni, as llit ci loihly 01 sonini in a metal is ccainccled \\illi 
riie olastic piopfitic^, :^ojiK lu w piiontniiciia ii)ii.'Iil lie cxjiuctocl to occur when 
the metal object mo\ts with a vcloein eouii>aial)le with tlie \t‘loeit\ oi soiiiitl 
propoLialiori in the metal, t^'ome msper Is oi this are eoiisnlered in llie last 
section. 

L. i‘ Iv 1 G II T 1 N 'J‘ JI 1 ' l: \ K ' 1 ' 1 ^ o s j' n K l< [{ 

Wc -aiv quite fuiinlia] with the laws which I'ovcin the iiiovciuciil of 
ordinary l.Hjpelkr i.laDct- ii'oviii;; at sycccls f.l about 500 iii.y h. and we aie 
oradually gamine, some knowledge ol the llighl at higher .sj^eeds. In thi.s 
coimeclioii we oilcii heai oi Mipemoiiic speeds, lliat is si-eed.s which are 
greater than the speed of sound in air at N.'r.T . namely m p.h. When 

a plane travels at a speed giealcr than this, it i« travellim- faster lhan tlie 
pressure waves and would he al.le (o catcli lliem up. Th.is results in a furious 
clash of air-currenls, which Ihiows the wdn'le plane into violent vil.ratkms. 
As a result of these vjhiations some conventional planes liave lieen actually 
torn apart. Wind Immcl experiments have been made gome ti]) to Mach 
number 4.4, (4-4 times the velocity of somnl m ah). Kxperiiiienis at liiglier 
specd.s, vvilli air ru.sbing past a model at one mile per seeond and more, liave 
not yet been performed It is, how c\ or, possible to draw some eoneUisions 
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fioni oiii kjujwlcd^^L' of the meteoric about what we may expect to 

haijpeii, vvlieji a iirojectile is movinj^ very fast in the atmos[>lieie of the Kaith. 
In Uiis iamiiectic)!! it must be remembered that a meteor does not require a 
power plant for its proi.ulsion. The jneseiice of the power plant and the 
heat jaa)dueed by it wall intr<iduce more complications. We shall have to 
consider these, specially in the case of iiitei stellar flight, w-here no c'oolinje 
ehet'i v\ ill l.)e prodneed b>’ the air currents and the cooling due to radiation 
hccoiiics a]jj)rcL ial)le only at Very high lempei atnres- 

]\Ieter)is usnaliy e<Miie from distances iK'yond the INIoon and liave velocities 
of a1)ont :.M) miles ]jei second at the tiniL of entering ilu iom>sj)heie. The 
motion ol the meteors is i>rndnced by gravity, and tlieir lenq)eiatnre is very 
low, a few degrees absolute, at tlie time of entering the l{arHbs atmosphere. 
The meteors dm mg tiieir lligiil become visible at a height of alxjut loo kilome- 
tres above the surface of the Ivarth. At this height tin air pieSsUie is of the 
ordei of io'’‘ mm. of Hg; and tlu' temjK-ratine is about — loo C, Thus tl\e 
meteor uj) to the time it becomes visible, has liecii living only for a few second^ 
throngli cold raicficd almosiihcic ; and yet it is wanned np to such an extent 
as to become visilile. T'he liigh temperature is the result of the mo\'ement 
of the meteor. T'he meteor is moving faster than the an moleeulcs, it 
therefore traps and conqnesses the slow moving air niolecnles in front of it. 
A cap of compressed air is created in fiaml ol the meteor. vSuch a ca]) of 
eominxssed air iK'Coir.es intcaisely hot and melts the surface material of the 
meteor. dTa* beluiMour of the meteoi is not so \ei_\' peculiar, as any 
projectile moving tin ough air with a speed, whu'h is greaUr Ilian I he speed 
of sound in air, ^viH be trapping air in front of it. Tlu'se trapped molecules 
Avill l)e jmslied from beliiiul by tlie projectile and will ac(inire' Ibe velocily of 
the projectile. T'his is an additional velocily aciinired by the molecules. The 
ellect of the added velocity is to increase the kinetic energy and hence raise 
tlie lemperatnre of the tiapped air molecules. Hv applying the laws of the 
kinetic theory ol gase s, w e find that a projectile mox ing wdth a sj)L'e(l of ji 
meli es i)cr sce'ond, w ill incTcasc the Icmiicrature of the' nifilecnlcs liapned in 
front of it by b'C. "I'he increase in the temperature of the caj), as deter- 
mined by the kinetic tlicoiy, is ])roportienial to the sqiiaie of the and 

W'e conlel exi'ect that the temperalure of llie nirca[) tiapped in front of a 
projectile, moving with the speed of sound in air would be about 7o“C- Thus 
we could expect a jet plane moving at a speed of 760.5 m-ieh., tCi lie preceded 
])y an aireap, whose temiaeralure is greater than the temperature of the 
surrounding air by about 70*^0. The projectile is in contact with the aircaj) 
and hence its lempei at lire could also be exjieeled to be greater Ilian that of 
the surrounding b>^ The large amount of fuel consumed in a jet jilane 

will further iiiciease the temperature, but it ma3^ to some extent be compensa- 
ted lor by the jiaiTial vaciuiin and the coi responding cooling created behind 
the projectile. . T'here w ill akso be loss of energy due to radiation, calculations 
are made for such changes in the next section, 1ml in general the cooling 
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prcnliiced hy rLidiation ior a in llu* ]{arlirs alinn>pljciX' w ill siiiallci 

than the cooliiii; prtulLnxal l>y uIIrt cuu^l’s. 

lu tlic same approxiiiial ion , lliu temperatuu^ of a piojoclilL’ inailu up of 
thill slioets of metal, and m«»\ iii^ al a speed which is 3 5 limes the speed of 
sonnd in air, the inciease in temi>eratnre ahox'c lh<^ snri onndin,^s nanild l^e 
^ -vS' ~ II the temi)eratnre of tlie siirroundine. air is loo'C^ 
temperature of the ]jrojectile would he 75o'\‘; and if made of ahimiiiium 
it A\oiild melt liifore this s]ieed is readied. Thus ^.5 INhich mimbeis a]>]^ear 
to be the speed limit, fur a ilij^hl of thin aliuniiiinm pioieeiiie, even tlnoneh 
I'arefied air, foj- an interval siijlicic iith’ loni; foi the cstablislimenl ol equili- 
brium coiiditifuis. 'i'heie will be a sli,ehlly hiydier sj'ced limil fm nthei metals. 

Thus we .lie toreed to conedude, that it would be almost ImiiossibU* to 
have a imdal ]>ioieetiT‘, hyine for an ai»])i eeiable distance at si>eeds U‘i)resented 
by ]\laeh numbers lieyond 7, without deformatjon ol the pio.KeliU' caused b^^ 
nieltiiie, of s('me ol its i)ajts. Such (kdorniation changes the sh.ape of the tins 
of the piujec'tile and reduces the sliced*. It should be ]ioiiited out tinu these 
calcuhdioiis consider ihe warminc, up due to coinjiression of air in front of 
the projectile, I'artial cooline, due to the vatuum creak'd at tlu* ba('k and 
the increase in tcmpi'ialure due to tlie combustion oi the fuel. These 
considei atious, ihereioie, api>ly tothe tli.t'ht in the baiiths atmos])here, be 
il in troposjdieie, stratospluae or ionosphere, d'o thit apiiroximation there 
must 111' a iilausdile s].ecd limit, about 7 Mach numbers, for hmi^ duration 
('^'lOQ seconds) lliehbs, LVen in a rarefied almos| »lua e fin essure i o' ' mm. 
of Ilg). 

- I N T n: K s r !•: b i> a u I’ b i <*■ ii r 

fn the case ol hiyiit in inleistellar sjiace, '.Vc have not to consiiler tlie 
waiuiini-; 01 coolinj.’, uf ilie aiicap or the airtaib We liav'e to c'onsider tlie 
warniine uii of the jilanc by the comhiisnon of the fuel and ihe radiation of 
heat, to and tiom the piojeelile. Jkit in ordei to leach intei stellar space, il 
is necLssaiy fur a iirojectile to acquire a spectl which is greater than, 
(at least eipial to! the velocity ol escape from suiface of the liarlh. 'fliis 
velocity is civen by the relation, I’ — i2(i M j a)- , wliere (f is ilie universal 

constant of ( 'iiav itation , M is the mass of tlie Juirlh and a the radius. TJiis 

velocity is about 7.1 miles or iJ,3 kilometres pel second, and is aljont c.e 
limes the Velocity of sound in metais like aliiminir.m and steeh Hut the 
velocity c/l sound in a metal is ('onnecled with the elastic j.ropei ties and some 
luwv jiheiiomeiia mii^ht he expected to occur, wlieii a metal olqect moves 
first through air and then in interstellar space w illi a velocity compaiable 
with the Veiocit>“ of sound piopa'^ation in the metal. We shall defer this 
theoretical discussion to the next section. Here we shall assume that such 

speeds are permissible without piodiicin-; an elastic dcdormalion of the 

nietallic object, and proceed 10 consider the thermal conditions y.oveniiiiy 
the flight ill inlersteilar space. 
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Ia‘ 1. US consider n nu tallio in^oj^'Clilc, iiniss jo Ions ( ro.ooo kilo^Tanis) 
ami siirlacc ai L'ci kjo sfinart im trL's 'Phis proje-ctiU' starts irom rest on the 
snrlacc of tliL Jiaith rind :ic(|iiires a Sj)ccd ot ij 3 kilometres per second 
I etoi'e It li‘a\es tile J\nrlli*s aljiiospdiere, in about tod seconds. Diiiin.u this 
p- riod il has ac(inired a kinetic energy -1 x 10"' er^s. 'Phis energy is 
siipplieil by tlie rajml comlmslion oi the fuel. Now every unit of fuel 
utilised may be split iiji in tivo parts, a and b (t iS used in ])roducing 
jijotion and in imi>aitiny kiTietic eiieigy whereas h is wasted in 

piodiuing an increasi.' ol tenjjieiatiire U he ratio a, a 1- /> is known as the 
t lliciencN' of the fuel. 'I'lie i atio a : 6, is indejiLiident of tlie velocity, Imt 
il may be sliulitly iiHodilied by the leinjarat ure ol the fuel, which modifies 
the i)iopeities ol the fuel and hence it,-. eOicieJiCN Jhit to a lirst api»ioxima 
tion we may assume that tlu‘ rati<^ a : b is constant , then the increase of 
leinj>ei alure of the object, wdlj be proportional to /? and hence to a and thus 
to the stptaie ?.)1 I he velociUa n\’en the best fuel is not iou% enicieut and a 
I’erlain pen'entage of it w ill be wasted 111 heating tlie ])()vver iiLint and ouV 
Iji'oiectile, ami to a tii st ai^pi uxiniatiou the eiiaiige of temjiei atiire i)rodiU'ed 
by ill is waste! Ill eoinlnistion can be takeji iTroportiemal to tlie sciuare of the 
\elocit> - It should be jioilo that this liealing is not the same as jirodiiced liy 
frictioiud resistance, w liich is nut |ij oporticmal to the stiuare oi the velocity at 
high \clocities. 

Po get an idea ol the change's ol temperature iiroduced, by the heat 
siipidied or radiated, let as ^ liculale tli* eiic'igy iLipiired to heal the projectile 
from 31 )o‘’K to 1000' K. 'fhe a\eraiw spec'iJic hc'at (>f the pi ojectile Could be 
assumed ' > l-o (.) j calories' ]>e; degiee C. The re(|nire(l energy Avili be 
0.2 ' 700 X 10' = 1.1 X to’’ calories or 5.0 lu ' eig.s, which is only one i)er ccnl 
of the kinetic eiiei gy , and could be easily supplied even by a ftic'l wdth an 
efln'iency of no 1 uel lias leachrd this eriiciency, and the actual 

healing piociuceil while imparting tlie kijiclic mieigy corrcsjionding to the 
velocilx' of esca]‘e wonkl be niiicli greater than tliat indicated by the ram.w 
3 oo"K to looo'K. 

kel us now consider tin radiation tc) and from the pkuie. 'Phe radiation 
received [)v tlie plane depends on tile solar constant and tlie surface area. 
ld)r the surface- area of too sip iiu’lres it is 1.35 x ro'" ergs i)er second 
and is negligilile as compared to 5.pxicP'' ergS- Tlie loss of Iieat Ipy 
ladiatioii is governed by the Stefan's law^ and would depend on tlie 
temperature of the projectile. h'or an olijecl at louo'^Kand 100 sq. metres 
surtace aiva il would he* 5-73 ^ Second, v^’hich means tliat 

only a thousandth part of the heat [iioduced (5.1) x 10"’ ergs) by a fuel 
whieli 1 S ( )L) /o elTicieiU, is Jost in one second liy ladialiou. The radiation 
loss per Second wu’ll b.- coni])arable with the heat produced by the w-aslcfiil 
I oinbnstDii (tf tlie luel only at very high temperatures, comi'iarable with 
the surface inperatur'. of the stars. In interstellar vSpace the loss of heat 
due to radiation is the oi\\y means availalih- for leducing the temperature 
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of the jirojectile. As seen uhove Ihc ledi.itiou it>ss :il h'W {<, inpLialiues 
(—1000 K'l is DC ii^il ) 1 l‘ eoiu] ai'etl lo the heat laoclnecil hv llu wask’ful 
c'onihiistion of 11 k fuel. Heiiee the tcanpc i aluie of lIk projc'elik- \^ill 
oil iiiereasin.e until ei]\iilil)riuni t'oinhlions arc estahiislu'd at \\\v hi,eh 
teiii] feraliires Hut lone belOie this hai»iiens, llio enliie lualoi ml ot oui 
projectile \\j>nld ho \’a])oi isc'd ; \\u shall haW’ to consider thi- oh|\. I'l as a 
small hot e,aseons body and ai)ply to it c‘i[nat ioim similar lo 1 Ikjsl' Lp^'cii 
by is, Cliaiidiasekhar, (lo^td 


Tibs is the equation (»f liydroslalic, radiative equilibrium ol a splu iicallv 
symiiiL'trical disti ibution of mattc'i (Wlnae is the uas iiussuica the 
radiation pressnie, the constant ot gravnlatmu. M i' the* mass eiu losed 

inside f and f> the density). 

It will hie Seen from the equation, that tin* raddatioii |>i i ssui e for oui 
objc“Ct Will be laige conj[jnie(l will) the gravitational aiti action, and the* 
system will not be stable- In iaet in an attcmipt to estaldish a stale of 
eiiuilibrium b>’ making the loss of c-nergy due to radiation equal to tlu' heal 
produc'd, our ]irojectile lands itseli into a stale, where it frods to satisly 

the conditions o! stability for healed bodies \n inleislellar space d'hus it 
aiMiears that in iiite*! stellar space, the ilight of a metallic *.)l>jecl with a 
[>o\\’er plant, at sj>eeds greater 1 han the vx'locilv of esciqies lor an api>U'ciable 
time, will result 111 tlie (K'forination and tlie possible destrnclioii of our 

obiecl. But no obiect can teach the interstellar siiace, unless it has ae((uire«l 
in the Eartlihs atmospheie a velocity greatei than tlie velocity ol ese'ajie* 
from the suriace of the luirtli- F,vcn if it were ])ossible to do so (and this is 
rather unlikely as 7 JMaeh nnmbc'rs is a plausible* speed limit tor atniospheiic 
lligiit ol ab(»ut 100 see’onds duration), a llight in inleislellar sjiat'e will) 
such a vcloiaty feir an ai>in-ecia])le time, will resull in the dc*Jormation and 

possihile destruction of the metallic object with a jiowcr plant, dims even 
in interstellai space thei c apiicars to he a idausible* sjiec'd Iniiit (tea” a 

metallic (^b jec* with a jmjvvk*!' planth which must be* less tliaii the velocity 

of eseape* and hence must be comimrable with iIk* bmit ol about 7 Matdi 
niimbeis for atmospheric (light of appreciable diiiratioii The impossibility 
of interstellai flight at si)e;eds less than llic velocity oi escape, need not 

coiicei 11 ns while considering tlie conditions of thermal equililn iiim Both 
these conditions, howevei, taken together g.ive us the plaiisd»le speed limit 
as already mentioned, 

.y T II v: V p; Iv O c i r v i > v vS o v n d i n a m k t a p ^ n p i t s 

C O II K S I V K I’ I< o J‘ K n T 1 K S 

Idle first successful calculation of the cohesive icuecs in metals was 
iniitk' by Wigiici- and SL-ilz (1933) "'ho obtained wave- funvtions lor eleetrons 
ill nielalJie' sotlimn and lithium by niime-rical inlyerutioii. Winner and Soil/. 
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clividL' tile lattice iiitcj ]>olyhcdra, one polyljcdroii suriainndiiii^ each atom. 
The wave functions of the valence elections extend throne, hoiit tile whole 
lattice and have [jeriodic tn(j])crties. 'Ibis leads to h(.)iindary condition for 
the wave function at the boundary of any aLumic polyhedion, dip/dn — o, 
wheie the differentiation is normal to the lioundary. Frohlich ( 1037 ) leplaced 
the atomic iiolyhedroii by a si»here of eciual volume and radius r„, so that, 

= the atomic volume, or the volume of the aLoiiiic polyhedron. 

3 


d‘he polyhedron having been replaced by the splieie, the boundary condi- 


tion assumed is 


that 


dll 


vanishes everywhere on the surface of the spheie. 


Within this siihere r( / i is taken as the jjoteiitial eiiery)^ of an electron 
in the field of the ion. If is the ener.yy (jf an electron in the lowest state 


in the latiiee : I'Ai'o) is given by tlie Schr<»diiigcr equation, 


I d4^ 
dr r dr 


-f J^ = o 


\ 


with the boundary condition, 


Ib'ohlich has caicMilated the values of lArA sii1)ject to certain simplifying 
assiuiijitions ( llunie-Fothery, 1 ^ 47 ). He writes 


h, ( 1 f '• 0 3 I F) 


lu lllio equation Fu is the woik requned to break up into free electrons and 
positive ions a liyjjothetical ciystal in which all the electrons are in the lowest 
energy state : is the mean Fermi energy and in a free electron model it is 

the kinetic energy of the motion of translation of the electrons, whereas in 
the /.one theories is tliat part of the energy wdiich is associated with the 
motion of the electrons in the periodic field of the lattice ; and Jw is the 
ionisation potential of a free atom and is constant foi an}^ given metal. 

Thus it will be seen tliat - ( fw. I 7w 3- Fk 1 is the w-oik required to 
evaporate the electrons and ions from the crystal and convert them into 
neutral atoms; or the energy of the ciystal relative to the free atom is 1 (7^o 
-h/i.i -’i-F'r). Large values of tliis exiiressioii tend to make the eneigy of the 
crystal greater than that of fiee atonic^ and hence the^crystal relatively less 
stable- Fh is the constant of the free atoms, while both /w, and hr are 
functions of the distance between the atoms. Fbohlicli assumed that the 
electron clouds do not overlap and that 7w is the same as given by the free 
election theory ; and calculated 7w, i 7w for different values of The curve 
for 7 ^„ + F;^,, passes through a min imu in. The niiniiimm indicates the equili- 
brium value of ri, , ' ^ ^T/y'' = tlie aloinit' volume) or the lattice spacing and tlic 
3 
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curvalme in tlic rcLiion ol ilic nniiinniui i>crniils a calculation of the coini)ressi- 



where ]\ is the total ellere5^ 

hurhs fiQ36) has shown tiuit the mutual attraction between the ionic 
cores cannot 1 >e nef^lected t)n]y 1 )y tuknie this into account it is ])Ossible 
te) exi>lain satisfactorily the elastie })r(>]»erties of the iioblt; metals. But once 
thi*^ is (lonCj the nature tlie curve showing total energy as a functifm of 
is similar to tlie curve obtainnl liy h'o’hilich. Here also the minimum eives 
the etjuilibrinni value of i„ and tlu' lattice s]iacinu;, the curvatnte as before 
eiws tile cominessibiliiy . This then may be assumed to be tlie general 
property lor all metals, even ahuuinium and iron fur which no exact calcula- 
tions aie available. 

Wc now [troceed to estaldisli relatityus between the elastic propel lies as 
defined al)Ove with the velc)city of sound in a metal. 

We know that 


r-t]ic VL-lucily Ml smuik!= modtiliis _ 

vleiisity density 

We also know, that if K is the coinpressibilit}’ , k is the bulk modulus, Y is the 
Voun^; 's modulus and <r i^ the Boi’>soii’s ratio which is luaily equal to for 
most iru‘tals, then we lia\'e 


) 


3 


(i -- 2/3) 


;V'. 


This itives us the relation, 


lienee we get , 




1 

iC/* 



w atomic weight 

/' i ■ 

atomic voiume 


.1 


12 ■ 


but 


I 1 dll 

l\ 0I2 tir“ 


Therefore we linally come* to the exjiression that 



\I/2 


That is the velorily ol suuiid in a iiK-tal is a luiicticni of the distance at uliieh 
the total eiier^'y hecoiiies a iiiuiiiiiniii (nr the lattice siiaeini*), as v\ell as the 
curvature of the energy curve at that place. Tliis will he strictly correct for 
the ideal metals of r'ri'hlch, for changes in which the atomic volume remains 
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miaituiccl, and foi inclals fia- wliicli the Poisbun’s ratio is about i; lor all other 
metals wc iiiav assume it to be a e,()od cuoutili first ajiproximation. 

'i'lie ()iiestiou now arises as to what we might expect to ha])peii when the 
metal begins lo move with a velocity which is i^rcaler than (he velocity of 
sound in thal metal. As seen above the velocity of sound in a metal repiescnts 
the iiMiimum of the energy curve and the value of /■., for which it is stable. 
Wlien the velocity of a metal increases, i 1 also increases the velocity of the 
electi on ('loud associated with it. As the velocity passes beyamd the limit 
given liy (he velocity of sound in that metal, th . Fenni energy /■., of the 
electron cloud will begin lo inciease above the limit given by the minmium 
eiiei ey .111(1 ilu stabilitv. Oreatei the deviation fiom Hie velocity of sound, 
the greater will be the increase in /■;, and greater will be ( be instability that 
u stills. This also aimears to point out (hat the flight (.)f a puie nieialhc ol)|).cl 
at velocities greater tluiii that of sound in that metal incie.ises the energy! of 
the associated election cloud and makes (he luebdlic object relatively i(\ss 
stable. 1 

'Pile plausible speed limit suggested by these theoretical consideratious iV 

\ 

rumpiiriiblt witii llial L'ivcii in scdifins \ iuui 2 In ll^i^ c'onnL*(^^ioii \\c siiould 
runiL’nibtr llial inLL'Oi^ nol oi juiru nutaU and litncL' [heir sl.ibihly 

will I»L governed hy oilier entirtus than llu herini eiierj,y- loiu exiiiiiple, at 
vc'loeilies yreaiei tluin llie velocitv ol suiind jn ;i .s ilid w e enn eX]»ect the 
cliniiictenMir I'letiiieiu les, tin. Debye (dull aelerislic leiiijiLialnre and the 
iiieilin[i lioiiiL to Ijl alieRd. VVe .sliall, lunvevei , deter tiii'a diseiission lu a 
later paper. ' 

Rovai, Ixsrmrih 01. SrireO'. 
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THE SPECTRO-CHEMICAL DETERMINATION OF 
CARBON IN FERROUS ALLOYS 

I?Y K. C. MAZliMDJ'R ,\M> M- K. ('.lloSU 

{Kfccivfil jor I’uhliciitinii, Aj'iil n;, iQiij) 

ABSTRACT. 11 lias hcLMi ])i>ssi1)lr In drii i mine (Viilmti sjn ; 1 1 f^-i liLniiralh , 'TIk dcUi’ 

niinalinii up to n. |n% l' c'ati Ijc rarncil mil < xurll'i in tin A.niir \\a\ and inidm’ simiJa! 
oniulitinn.s as tliat nf tlu URdalln' idi miniL- ])ri..srnt in i 1 il ji i mus a lln\ s. lln\ niul this 
ratine' it has In rii Innnd nci'( ssai v lo nsr a nilin^cn drautdil dii Lciid ac^aiiisl Hu* spark 
gap. 'i'hr ralihratimi riiive^s ulilainml an sinmah and Hu* aia'iirai*N iS uilliin An 

explanation is suggested for the above prciiliririt> . 

] N T R ( ) I > lj C r T ( ) N 

111 ruCLiil s[>cclrosco|K\s Inivo Ik'cd exU-iisivuly nsud for the 

(juaiilitativc dolcrmiiintioiis of tlio alloying and the imininty luelallic 
elements in l)Oth feirons and iion-fcTroiis alloys 'I'he [ireSeiire of carbon 
in feirons alloys is of fnndanieiilal iiiipoiiance 1ml its response to tlie 
spectro-chcniical method of evaluation of its amounts lueseiit in steel has 
been extremely ]>oor. vSeveral alteiniits have been made during llie [last 
few years and that too, under very special types of excitation for dclei - 
mining carbon by speeti’osco])eS. In most ol llic cases tJie u-orkers could 
not observe any reliatiie coiiceul rational variation ot the intensity 
of tile carbon bnes and llius (ptaniitalive estimation of caribou 
was not possible; Kmery and Hoolh (1035)!. Only Convey and 

Oldlield (1945) achieved some snecess in deu-niiniing carbon speclrosco- 
f)ically. None ot these earlier workeis has, however, described tlie nature 
and extent of the irregularities nor has suggested tlie leasons therc'of- 
We have been working on this probieui ha tlie last few years and have 
succeeded in eslaldishing the real nature of the failuie of the carlmn 
estimation by spectroscope. We are also ollering an exiilanatiun foi this 
peculiar behaviour of carbon existing in tlie ferrous alloys; this will be 
]jresently divSeussed. 

T'le successful adajitation by Ma7Aunder and Ghosh (1948) of tlie 
medium quartz spectorscope for the delei iiunation of the melallic elements 
found in steel encoiuaged us to try to eslimale carbon also by the same instrin 
meut. The car lion lines ajipeai brightly vm the [)lates willi a s]>arking voltage 
of 10,000 or so ; but they do so in such a crowtled condition logethei with 
the lines belonging to the rest ol the elements present in the sain]>le that 
reliable quantitative estimations oi the carbon contents have not been 
possible. Tlie only alternative left is to try the larger instrumciU generally 

3 — I7T?P — II 
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used lor fenous analyses. The conditions under which these analyses are 
carrii.'d out, have also been relained in the present case cxceptiiii^ the 
c'haiiL'e of the S])ecti'al ranRe from A4200 — a6f>oX to A3000 — 2200X. I'his 
is necessary f(jr having the only nncontaininated carbon line- 2296. 
I)holoe,iai>hed on the ])lale. Under similar conditions of excitation but 
with sliiJihtly lon,eer exposures, the 2296. Sg line ai)[)ears on the ]>late with 
photometriean V measLirjdile Idackening for as low a percent as (nio- The 
curve in Imu-i, is seen to be very smooth and the accuracy is within +0.02. 

( )n reiieatin.c tlie work over and over it has been found fhal ii]) to about 
o. ir)% ; Ihe cali])rations curves olitained arc smcjoth and so, tlu^ esUmatioii 
waas reliable but hti pciccmla^es hiejicr than the aliove, smooth curves can not 
very oileii ])e obtained. ^Ilie curve in 2 sliows that the ])oints licymid 

0.10% lie ^^ery irreeularly and no accurate estimation is at all iiossible from 
the curves of this nature. The reason foi sneli selective speclro ehemieal 

response of carlxjii /.c , the regularity up to o.,if)% , is to be lound in \its 
metallurgical l^ebavioui wuth respect to iion. “ In steel containing sm^ll 
])roi)ortions of caibon, llic ferrite forms a eontiinious net work, shown io 
consist of distinct grains by etching but from o. |o jKTcent C onwards, tlie 
ferrite grains aie isolated and surrounded by pearlite” ^ ATetalk)gi-ai»hy 

by Desh). The I' e-atoms in the completely isolated grains of ferrite 
will be easily detached and ionized and to a comparatively greater 

extent conduct the curreni in the spark. The si)arkiiig points will thus 
lie c'onliiied mostly to the fen ite grains. The stable ceinentile molecides 
Fe.,C in the pearlite grains wull not so easily ):e afl'cetud by the spark and 

0 

the obS(.vecl irregularil ies in the carlxm eslimation will be tlie result. 
Tliis si)eclros(’opic observalioii corroborates in an interesting way the 
results of tlie microscopic studies obtained long ago. 

'kwo metliods suggest themselves for obviating Ihese troubles aljout 
tlu‘ carbon estimation. One is to have a more foicilde discharge in the 
S])ark by inserting in the secondary circuit an auxiliary S])ark gam i)iefer.d)ly 
of the r*jtating t\q)e, and the second is to liave an N". draught directed 

against the S])ark gap for removing the metallic ions which geni.rally persist 
in carrying the mirrent at the expense of those of tlie metalloids or non- 
metaF like eaibon, tihnsphorus, etc. even when the sj)arking potential has 
considerably died down. The nitrogen draught Unis induces flesh ions 
to be formed ami the carbon atoms have then more* chances to i)aiiicipate 
in the conduction. Ihe eflective st)aiking [icjteiitial also is enhanced to 
a certain extent as in the case of the first method. P)r>th of tliese methods 
have been enii)loyed ])y dilfcrent workers on dillerent occasions 
for steadying the sj^arking potentials and lliereliy olilaiiied more 
consistent results by the sjiectro-cheiiiical analysis. We also tried these 
metliods. Ihe draught w’as of nitrogen from a cylinder. But no 
decisively lUcreased accuracy in the spectro-cliemical estimation of the 
nictallic elements wu’th which we were concerned at that time was observed. 
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The inclusion of an auNiiliaiy spark in the rircuit, rolatiiiij, or non- 

rotating, does utd also materially impiove Iho accuracy of the estimation 
of the metallic element. In the case carbon also the aitxiliary ,si)ark ,cah 
lias not been found to im]»roVe the cmisislencv- 'Idle nilroeeii draught, 
Low ever, at a prissiu e oi jmm. to o[ water, i.‘lleets a decisive imptovc- 

meiit. The irregulai it ies beyond o jo';;, C, oi)served laeviously, comi>lelely 
disai)i)e'ai s v\ilh the nitio.L^eii diaiiyht, Tlie calibration curvus are mav smooth 
and iCLvnlar and tlie accuracy is L;encially of the same OTder as in the 
chemical nictliod* it sliuuld 1 >l‘ noted that in IIk^ furmal siK*ctrosco|)ic 
work the so called N'acniim aic is only an arc in rLduccal i^iessurc ot air or 
nitroi;en obtained from a cyliiicU i . 'fliis i;iVes a much c'ieaiei [date ami 
also produces ciiaiie^e in the relative iiitcnsily of the spectral lines, by 
blowing nitrogen against the s]»arking g.a]) w'e have also noticed an inijiroved 
cleanliness of tlie i)late and an eiiliiiiu ciiunl of tin' inteiisily of llir carbon biie- 
Convey and OldJield ^ic) i5) obtained consistent results in the eaibon estima- 
tion by sending an air draught againsi the spark gaj) by means of an 
aspirator and an air drier. We ha\'e also repeated their woik and »)))tained 
lietter icsnlts thiui those obtairndde without nitrogen oi air diaught- Ihit 
tlie iiitiogen draught is easier to produce and yields more eoiisislent results, 
tlH‘ drying (.d the draught by CaCl^i can also be dispeiivSud with, if lound 
inconvenient. 


li X P R I i\l K N T A J. 

Hiigei huge (jiiarl/ ►ectrogragb lias lieen used for [diotographing the 
spectrin The following are the conditions for exciting the spectra. 


Voltage - 15,000 
Capacity —0.005 ^ 

Inductance Nil 
Spark giip - o mm. 

Upper electrodes - pointed Cu-rods- 
X^ower ,, conicid saiiipUs 

witli flat top, g nun. dia. 
With and without nitrogen draugJit 
at g inches of water- 


The samples were.' all collected from the I'ata Steel of graded carbon 
contents necessary foi drawing calilmation curves. In the beginning both 
the electroues were of steel of the same composilion; fhe resnlls obtained 
were not very consistent. Pointed At-rods were then tried as upper 
electrodes. still theie was not noticed any pronounced improvement in 
the result. Copper rods were then used for the uppe. e eelrodes and all 
the subsc.iuent investigations have been carried out w’lt i LOi)pei 
uppei position. The initial experiments were done with the simple spai ung 
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circiiil used tally tor the spuclru-cliciiiical analysis of steel. When it 
was foiijir] lliat heyijini o.-]u% C, the calibration curves were not always 
leiuilar, a nitiop^.eii (lran;;hl at j inches of water w’as directed ai^aiiisL tlic 
spaiK .eaj) I'lie nitroL^en was obtained from a cylinder and dried by 
jjassine, through a system of CaCl2 tubes. '^ 1 ‘he method and the ai^pai atUvS 
used iur measuring, the nitensity of the si)eciral lines are the same as were 
described by (ihosh and Mazmnder (ujj 8 ! in connection with their work 
on “The si^ectro-cJienr.cal analysis of the Hearin^i, Alloys’'. The correc- 
tions obtained by the ^.emulsion calibration have not, however, been always 
carried out in tlie pieseJit \\ ork. 


K n S U L v8 

It has Iteen lonnd that wtih an exposure of one minute tlie carbon line 
eiJOb.SgA, even ior a sainjde oi carbon contents, 0.10%, ai^peais wifh 
sunicient blackeiiin,^ to i)L'riiiil of accurate ])hotoinetric 111 jasureineiit. Tl\c 
curves in 1 and In.e,. .1 have l)eeii obtained from spectrograms taken 



I'hG. T 

C ill steel wifliont N.> dniuglit 


Kic;. 2 

C in steel witliont No draught 


without nit'ogen draught. 1 he curve in Ihg. j is smooth and regular but 
tlial in Fig. _! is extremely irregular l.eyoucl o..io% carbon though both 
plates have been taken under exactly the same conditions- From several 
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l>lates taken without uilrogcii draught Wl- can cuiicludc that the rcsultii 
obtained up to 0.40.% C are reliable and bcyniid llli^ 1 aiigc regular cm \c.^ 



Fig. 3 

C in vvitli Ko draiiglit 



FjG- a 

C in high spccrl steel with draught 

can only occasioijally l.c oblaiticd. With a i.itrofvcn (IrauKht direclecl 
against the bpark gap these ii-regiiliinties completely disappear and carbon 
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fr)ntc'nls of v.irioiis fuiroiis alloys can reliably be cstiiiialecl l)y spectroj^cope, 
The einves in biy- 3 and ImT’ ha\'e been ol)lained Iruin plates taken with a 
nilr(K;en dranehl; the funner is iuj urdinaiy carbon steel and the latter, liigh 
s]»eul sleek 1 he sj)ectra ]ilu)t(),Lir;ii>hed in this way, have always been found to 
give smooth cm \^\s. It can then be said that the carbon in steel can be 
sj^ectro chemically delennincd l^ut for the range beyond o '|o% a nitrogen 
draught siioiild be used. 
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VARIATION OF INTENSITY OF DISTANI ATMOSPHERICS 
WITH FREQUENCY CHANNELS 

15v S. R. KIIASTGIR a.nd ASIT SIA' 

iKi'Ci’t Ji'd fo) jufhlUoliiUi, A HV,, / ,, h)ju] 

ABSTRACT. Tlv irsnlls ii( an inve.stT;.*alifni . an u »1 •>nl v\H1j a IiiIiG 

direct on tlic inUiisits of di'^tant almo^-plu'ncs a.^ na uNtd < -n a limited raii^c uf 
{icCjiieiic} Kc/,s (Citnc spoiidiiiR tv* (lu* w avidciui’lli laJipt , i I7f'-i';hn nutusl aic tp\'cii 

111 the present paper 'I'lie fi'llawiiig tyius nt iiiteusih' xaiiati^'ii with frecituru'v \^eu‘ 
ohservcd, 

(ji J)iu’ing the day time and oeeasionallv at night, the iiiteiisitv ef diMaut otin»is[)henes, 
a.s received within the expei inn. nt;d laiiee uf lT'ci|nenc\, uas Ichiik! to varv iiueiMdv as the 
cuhe of the frequeiicv. 

tp Thsnally at night, tlu intensitv (>t the distant atmnrplu lies, within the* (uqiiency 
range, was loiind to (Ta'rease exiionintiaily with the iiKMcase "f trecinencv 

ij) During the day or niglit, the inlrnsilv of the dist.anl al nu 'spliei ies, within tlu same 
freipieinw' range, w-as found to \ aiw in a in. inner suggesting a roiiihinaliun ol the fust two 
types of intensity variation. 

iM'oin theoretical coiisiilcrations thi ttdlowing conclusions aic- diawn . 

I/) 'I'hi'fiist t>pe ol intensity vaiiation willi ficijiicncv piavails, wlicnevir, (wlidhci din- 
ing clay or night) tht* souk'c of atmo.spheiics is not ^ei'} ilistaiit and tlie at inospliei i(\s iiiilse 
readies tlic receiving point bv tin gioiind path. 

(//) The sceund type is associated with sbv-uaves only and is o]»sci ved alinod iinariahh 
during llie night hours with faiily distant atinos[diei ie.-. 

(///) The third tvpc whieli is a eomhiiiation the hist tw-» tvpes is ohseived when 1h(‘ 
source cf atmosplicries is ijot too distant and set' not to > close so lhal giound and skv wav(\s 
are both present 


T N T R () I) V i' Tin N 

Some nieasiircnicTils uf the intensity of ntmosi)Iic!ii> received in nicdimn 
radio frccjiicncy clianruds i:,\qo/:;OLMt Kc/s) were iiimh* hy klinstu ir and kao 
(1910) following the Warbler inetliod. Similar iiieasureiiienK weic cairieJ 
out by Khaslgir and Ray (io|o) over llie same frcciuency range following the 
peak melliod ot ineasurenieuls of Potter (1931). These measnreiiienls were 
later extended to still liiglier lTe(jneneies {2 to 20 Mc/s) by Klmstgir and Ali 
(194:3). Although these previous experiments, wlicne a large liame aerial 
was used, gave field strengths ol atmospheric ptdses coming primarily 
in a direction parallel to Llie jdane of the frame aerial, tlic aliiiospheric 
pulses coming from other directions also had their cmtribntion. To find 
exactly the manner in which the intensity ot (lie received almosplierics 
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varied with the freqiieiicy to which the receiver was timed, a cathodc-ray tube 
direction-finder was therefore used in the j^resent investigation. This enabled 
determinations of the intensity of individual atmospheric pulses coming from 
sources situated in sjjecalic directions with reference to the receiving point. A 
limited range of freriucncier-, r70’204 Kc/s (corresponding to a wavelength 

range 1470-1760 metres) was investigated and measurements of the intensity of 
distant atiTiosidierics in definite directions were made both during day 
and night. 

The subject of frequency distribution of atmos])herics has been reviewed 
theoretit ally and the tlieoretical findings regarding the intensity variation of 
the distant atmospherics foi different frequencies under different conditions of 
propagation were found to agree well with the experimental results. 

C A T TI O I) IT-R A Y T P n K D/r K Q I P M U M T 1 

The cathode-ray tube i)/F equiimient consisted of the following : 

(1) /iciial Sysieni. — A pair of V^rossed' Jooj) aerials, 6ft. siiuare with rp 
turns of 7/22 stranded copper wire w^as installed, the plane of one aerial bciiif^ 
in the north-south direction and that of the other in Ihc east-west direction, 
liach aerial could be tuned to the desired range of frequencies. 

(2) H/F Aml^iijicr U}iiis> — The tw’^o loop aerials were connected to two 
similar H/F ampliiler units. In each ainjilifier. two screcn-grid valves with 
earthed cathodes were u.sed in jiusb-imll in the first stage which was followed 
by a i^enlode valve in the second stage. The puBh-piill circuit ii> the first 
stage necessitated the use of two similar ganged condensers in each aeiial for 
tuning pui'iioses, one ]>late of each condenser being connected the earth-point 
and the other iilates being joined in the usual way to the grids of the two valves 
working in iiush-pull. For tuning each aerial to the diflercTit frequencies, it 
was necessary to insert in parallel with eacli variable aerial tuning condenser 
one or another of a set of lixed condensers of requisite values by switching 
in steps, h'or tuning tlic first stage, a similar .set of fixed condensers vvitJi a 
similar switching arrangement was used in parallel wnth the variable eondenscj' 
across the secondary oI the inter- stage tramsformer. The pentode valve in 
the second stage vA'as followed by an output transfonner, the secondary of 
which w\as timed in the same manner by a similar set of fixed condensers 
inserted in j)arallel to the vairable condenser across it 1^^ similar switching 
arrangement. 

(3) Oscillogiaph Unit.- A Co;?sor oscillograph was used. The output of 
one amplifier was connected to the vertical pair and that of the other to the 
horizontal pair of the deffecting plates of the oscillograidi. 

The deflection-sensitivity of the oscillograph spot was found to be linear 
over a wide range of A/C voltage applied to either pair of the deflecting 
t)lales. 
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1 he calibration of the oscillograph swecp-lenglli in terms of the R/F 
voltage applied to the iui)ut of either amplifier was clTecled with the help of 
the deflection-scusitivity curve and the s^ain characterislies of the IT/F^ amplifier 
for specified frequencies within IhedLsired rati-e. The gain ex. input voltage 
cLiives wcie conslrueted in the usual way lor the specified freipiencies. I'roin 
the gain characteristics data, the giaii freqneiu v curves u ere also obtained 
for definite input voltages, 'flic amplifier gain which was found to decrease 
sH^htly with fiequcncy, ctniid be regained as practically constant over the 
limited frequency range under investigation, 'fhe circuit diagram of the 
])/F oquipineiit is shown in Fig. r. 



]<: X 1' V, R 1 M 1C N T A h I' R ( ) C H U f) R K 

When the atmosiiheric pulse was received by the aerial system, enrrents 
w^ere induced into the two loop aerials, each tuned to any frequency in the 
desired range. The voltages develoiicd across the tuning condensers were 
then amplified hy the two II/F amplifier units and the tniied amplified 
voltages applied across tlie two pairs of the deflecting plates of the oscillograph 
yielded a straight line response on the oscillograiili screen. The inclination 
of the straight line gave the direction of arrival of the atmospherics. In the 
expeniiiental aiTaiigcinciit, the stiaight line sweep on llie oscillograph screen 
in the veitical direction indicated o'^. The oneiilatioii of the line in the 
clockwise direction indicated increasing angles towards tlie east-west direction. 
The usual adjustments for the 45''-aligunieiil weie made each time before a 
set of observations was taken. 


3'“ 1712P— n 
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The dircctioiuil oljbervatioiis of atmospherics were made on days when 
there was no local Ihuuderstoriii and at times when Ihe distant atmospherics 
were found to be fairly frequent and uniform over an interval of time covering 
about i(^-i5 minutes When such conditions were found io prevail, obser- 
vations ol the direction and strength of atmosijherics were made on each 
frequency channel for .2 minutes taking about 10-15 minutes for four different 
fie<|ueiicies. Tlie average length of the linear responses due to atmospheL'ic 
pulses during this short time v\as then found for each freijueiicy in any 
jiarticular diiectiojK J^'rom the calibration cui ve, the voltage at'ross the aerial 
tuning condenser eoi resi)onding to this average sweep-length was obtained. 
Kjiowing this voltage, field strength of the atmospherics for 2 minutes on any 
frequency and for any particular detection was calculated from the standard 
formula. 

K X r E R I M E N T A Tv R E S lib T S j 

The experimental rcvSnlts on the intensity of atmos])herics as received on 
different frequencies aix as follows: \ 

A. The field strength of the distant atmosplierics as received in the' 
freciueiicy range of 170 to 20/I Kc/s was found to lie inversely proi>orlional 
to the cube of the frequency. 

Denoting the field strength by /.i and the freciuency by the field strengtli 
w'as found to obey the relation: 

m 

This relation was found to hold mOvStly during day and only occa- 
sionally during iiiglil . It is to be noted that in the J’eport by Dellinger (105.“^) 


on radio pro|)agatiou data, an inveivSe square relolion was found to 

prevail during the day time. The inverse square relation during the day Avas 
also observed (Khastgir and Ali, 19^12) on a wide range of frequencies 
(2-20 Mc/s) and was shown to be due to gioiiiid wave i)ropagalion only. 


Ib 'rile field strength of the distant atmospherics in the same frequency 
range was found to decrea.se exponentially with the increase of lre(iiiency. 

This type of intensity variation with fretiueiicy would be represented by:— 


h'.cyzc where m is a constant 

or, log /'I “ Const. — const./* 


This relation was found to hold almost invariably during the night time. 

The exponential decrease of the inteiivSity of atmospherics with the increase 
of frequency had been previously observed at night by Espeiichied, Anderson 
and Bailey (1926). Our previous work (1940, 1942) on 250-2000 Kc/s and 
alvSo on 2-20 Mc/s confirmed this feature regarding atmospherics received 
during night. 
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C. The field stren.ulli of the distant iitniosi)heries in the same fre(inency 
range, was found to vary in a manner suggesting a coinbination of the first 
two types of field strength variation. 

The inverse eiilie law of variation of field stieiigtli of alniosi)herics with 
frequency within the ex[)eriincntal range 1J0-20A Kc/s is illuhtraled in Fig* 2 
which reiireserits typical sets of day-time observations. vSoiue ol the 
occasional night-linie observations wliich showed llu* same ty])e of field 
strength variation within the same frequency range are shown in I'lg. 3. 
vSonie typical night-time experimental results showing exponential decrease' of 
intensity with the increase of frequency \vitliiii the range ^ne illustrated in 
Fig. 4. 

Typical cxpeiinieiital results showing the mixed tyjie of intensity variation 
with frequency are shown in h'igs. 5, 6 and Pa. The day-tiiue results shown 
in Fig. 5 clearly indicates that the field strength oi the atinosidieiics does 
not increase ])roportionately with the inverse cube of the frequency but 
increases somewhat exponentially willi some iiiveise power of frequency. 



Fig. 2 

Da V- time observn t ion s . 
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Fig. 5 

Diiy-liine nb'iei vaUon^;- 


b-B./lS (135') 



Fig. 6 

N 1 gli t-ti me ob.se rv at ions . 
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18 8.48 ( 3 ''> ) 



Kin. 6a 

Ni\c;Iit-t iinc obscTVcil inns. 


'I’lic iiiLilil-tiiiiL' results illustrated in 6 and 6a show that the log.arilhni df 
the I'leld slrenj^lh of the distant atnios]»heries does not decrease linearly with 
tile inereaS(^ of frecjueiiey. They also show that the field streiirith does nut 
increase proportionately but increases somewhat exponentially with the 
inverse cube of frecjuenc'y. 

In all the .erajihical representations of the held slreiiftth of distant alnios- 
l)hericsasa iunctioii of frequency, llie clireetioiis of arrival of the atmosplierics 
(having the J^^o"'-aniI)i,t;nity) liavel^ceu indicated. 


r Ti B 0 K n r r c a p c o n vS i j) u rations 


At large distances froui llie lightning divSeharge, outside the electrostatic 
and iuduclion lields, the wave-form of the radiation field is of a damped 
sinuous type ami can 1)L 1 ejjreseiited by K,,- sin ijf/ with suitable values 
for iioj and q. 


Tile effect of a highly daiiiped sinuous atmosplieric pulse on the receiving 
circuit was examined Iheoretically by Moullin (iQ^-i) and Turner (1931)- 
We vshall however^ niahe use of tlie Fourier analysis by Burch and 
Bloetnsma (1925) of the comiiiou pulse forms. Representing a non-periodic 
disturbance by from /==o to / = co and expressing it as a P'ourier series 

they showed that for an exponeiilially damped sinuous pulse represented by, 
^ sin (jf, the amplitude of a Fourier component -of frequem y p/^rr 
would be given by 


A" p 


\j- 


(1) 


111 the range of radio frequencies, or so that 
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Rcplacint^ Ihe angular i'rc()\iL*iK\v /' by wlicrc f is the frequency 

to which the receiver is luiictl, the aniplilude of the received atiiiospheric 
pulse would be 


where /I is a constant. 

The above eonclusion has to 1 h‘ considerc'd in findiuL’ an expression 
for the Jield sU en.etli ol an atmospheric pulse received at souu' distaiue 
Ne.^icctin.e any kind of attenuation^ the Judd streiiedh is Loven by 

(3) 

where K is sojiie constant for tlu* same source of atmospherics and the same 
receiving point. In vie\A' of (2), the field strength of the lb)uricr component 
of frcfiiicncy / will be represented by 


/i- 



.\K 


(|) 


J Cl round 

When the atmospheric pulse reaches the receiving point ahmg the 
giound i>ath alone, the field strength of the distant atmospherics received on 
frequency / should ]je ol)tdined from 




A.K 


where .1 1 is the fiat ground atteiiuatirm factor- 

Accepjting Norton’s formula foi ground attenuation, it was shown by 
Khastgir and AH (1942) that for distant atmosi/herics 


A.K. a. I 
I 



bs) 


\Yhcle a — 1 / 2(r 

— dielectric constant of the ground 10 e.sui.j 
cr = electrical conductivity of the ground jo'c.s.u. 


(; = velocity of light 
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Case /J. For frequencies rjf the order of lo' cycles/scc., when a.f » J, 
we can neglect lUrj^ and write 


A.K.a.c ^ 1 

r ' r 


( 6 ) 


inverse square i elation which liad been actually found to hold for 
In^jJicr fre(iuencies should thus be‘ associated w’ith ground- wave prO[)agalion 
only. 

Case B. hor freciuencies of the order c^f lo’ cycles/scc., as employed in 
the present investigation, when aj < < i, we can write 




/1.7C.C 

r 



(?) 


1 1 Sky 'ivavcs \ 

When the source of the atmospheric ])ulse is so distant that the pulse' 
cannot reach the receiving point by the giound path and is received only 
after reflexion from the ionosphere, it had been already shown (Khastgir 
and Ali a 9.^ 2) that for niediuiii and .short radio waves, the field strength of the 
distant atmospherics received on frcciueiic'y j wmuld be 

E= ( 8 ) 

where M and are constants. Thus w^e get log K + log /== const. --n/ 

As the frequency is of a high order, the variation of log / with / is negligible 
in comparison with the variation of log E with / in the limited range of 
frequencies. We can thus write 

log K = constant — constant, f ... (9) 


III CojibiiKttion of (rtotind and Sky loavcs 

Considering the particular case when the phase-difference between the 
ground wave and tlie sky wave is an even multiple of tt, the field vStrenglh 
of the aliiiosf)herics w^ould be represented by 


F = 


n 

f 





(10) 


where /.), l) and ;» alt! constants. Putting A=D(i + h./.'c in fio), wc 

get: E=Alf\ 
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From the relevant experlineiital data it w as iouncl tliat ll is 

evident from (lo) that uiidur sikIi condition tlie slope of the cairve 
which is /i^iven by A, would inciease with, the increase of i ,7 . Takitii^ the 
variation of A with j to he of the lorm; , (^^'here and aie coii' 

stants) it is evident that uhen I’^nih ground and sky waves are i)resent we 
get the relation 

/<;h- 3 log /-k.-M/o.;/"), 
where feiand k.. are constants 

or approximately log E~ k^ ik^j' r) (u) 

C () N C k U SIGNS 

In the light of ihe alxn^e theoretical considerations, the experimental 
results given in the pai)cr lead to certain definite conclusions. According 
to (7), in the frecpKiicy range under Investigation, the field should vary 
as the in\ ei sc cuIk of frecpieiuy, provided theie is only the giouiul wave 
propagatitJii. I'lms wIkiknci, whether during day i>i night, tlie 
field strength of the distant aiinosphcrics was found to vary proiiorlionalely 
w ith the inverse cube of trequeiicy , it should l>e concluded that the source 
of atmospherics was not distant and the atniosi>heric ])uise must have 
reached the receiving i)oint l>y the ground ])ath only. In the- case of sky- 
wave propagation only, we find again, according to (o) that Ihe hedd strength 
should decrease cx])onentlally with the increase of fiequcau'y. Itislhcre- 
lorc concluded lliat wdienexer the intensity of the distant atnius]-)herics w'as 
found to follow’ this exponential law , the source of atmospherics should be 
coiisidei'cd as sufficiently distant so that the atirios[>lieric i)u]se reached the 
receiving point by the sky patli only. Since tlu* sky-wave whicli is extremely 
feeble during day increases in strength consideiably during night, the 
exfionential decrease of intensity with frei)neiicy is associated wdlh tlie 
night-time obseivations of fairly distant aliiiosi>herics. 

Whenever there is a departuie from the inverse-cul)e law or from tlie 
exponential law of deci case of intensity with fretiuency, it can l)e inferred 
that tile source of atnu>s])hci ies is not too disiaiil and yet not t(xj close* s(^ 
that the pulse could rt'acli the leCe iN’ing point bv both the sk}’ and ground 
]iaths- Ihuler sueli circumstances the cuive showing F against j//' is 
expected to be in accoi dance witli (10), having a slope increasing with the 
increasing value of i//'. The logarithm of tlie field strength should also 
vary according to (11) wdth some inverse power of frequency. 

A C K N ( ) W h IC n r'r IM n N T 

111 conclusion, we sincerely thank Mr. vS. C. Mitra, M.^e. for teclinical 
help during the investigation. 
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ON THE ABSORPTION OF U. H. F. RADIO WAVES IN 
ORGANIC LIQUIDS AT DIFFERENT TEMPERATURES* 


By S. N. vSEN 

I l\’cci'ivrrl foi piihltcatioii, i, Si'pt., 

ABSTRACT. The .ibburptiou t)f U. H. !•' ratlin waves of wave leiitjtlis ratiip'iig fimn 
55 etus upto 1 metre iti aeeLoiie, nietlyl ethyl ketone anil ether at different temperatnre.s 
hn.s been invest igaltil Absorption maxima have been obse' ved for iliffercnl fre{jneneie.s 
in the ra.se of all the three litpiids ai temperatnre.s tibove ii”C and it ha.s been observed 
that tlu-K- maxima .sh'ft to lower frequeneics with the lowering of the temperatures of the 
liquids a.s observeil in the ease of alcohols by itvevioiis workers. A new hypothesis has 
been jail fmward to exjalaiii the occurrence of .siieh ab.sorption ma.xima. In this hypothesis 
It h.as been assumed that jiermanent electric moment of the inoleenle fluctuates as the 
inoleciile executes lotatorv o.willation in the interinoleciilar field. 

1 N T R O D U C T TON 

Investigations on tlie inea.surcment of refrcctive indices of litinids with very 
short electric waves luivinj* wavelength of the order of a few cenliniclres and 
even soinetiines a few niillimetres were first carried out in i8()6 by several 
authors such as Lanipa iiSyo), Lang (iSejd', and others and the restilts showed 
that the values of n were nearly equal to those for wavelength in the visible 
region. Drtide 1 1807) first discovered that on changing Ibc wavelength the 
dielectric constant changes rapidly in some cases in the region of wavelengths 
of about 75 ceiiliinelres and pointed out that this abrupt diininntion in the 
dielectric constant with increase in the frc<|ucucy of apjilied oscillating field 
indicated an anomalous ahsorjition of electric waves. Work in this line 
received an impetus when Debye (lyr 3) jiroposed his theory about premanent 
electric moments of molecules and the dependence of the dielectric constants 
on the relaxation time of the molecules in the liquid. Numerous papers have 
been jmhli.shed on this subject verifying Debye's theory. Among these 
mention may he made of the work done by Mobius (1920), who investigated 
the disiK’i'sion of electric waves in water and ethyl alcohol between wave- 
lengths, 4 millimetres and 0.3 millimetres. Later, Mi/.ushmia (1927) under- 
took a .systematic, prograuiine of investigation in order to verify Debye's theory. 
He measured the dielectric constants for different wavelengths ranging from 
3.08 metres upto about 30 metres. He investigated the dielectric constant of 
various alcohols at different tenqieralures ranging from about 65“C to upto 
about -68"Cfor wavelengths 3.08 metres, 6.1 metres, 9.5 metres and 50 
metres. In the ease of all these alcohols he observed that the dielectric 
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Cftiisliuits (linnni\slH_(l siK.kk'iily oil increasing- 11 k frcgneiicy of the oscillating 
iicld, llic actual legion in whicli such a disctjiitiruiity lakes place depending 
on tile leini^Li atiiiL and the nature of the liquid- It was olisei ved that the 
legion of anoniaious d'siKrsion sliilts towards longer ^va\'elellgtlls as the 
leiiijieiatiij e oJ the littnid is luweied. At any particular temperature, however, 
the j'osititjii depends on the moment of inertia oi the molecules, for molecules 
uith higher monieiit (j 1 inein.i the fiequeiRies of the region of anomalous 
dispersion being lower than those fur molecules with lower moment of inertia. 
In the case oi acetone and ether, liowever- he did not olisei’Ve any anomalous 
di>iiersion in this legion. He also concluded that the results fibserved in tlie 
case of alcolujls were in agieeinenl with lliose jiredicted \^y Debye s theory, 
katei om Mi/ushima kggo) used still shorter wavelength of the ordei of about 
5S centimetres and im-estigaled the dielectric constant ol a lew alcohols at 
dill'eieiit tempei at ureS. lie oliserved that in the case of methyl alcojiol 
anomalous dispeision occurs at a tenii^eratnre lower than - 6o“C, for ethyl 
alcohol absoiption takes jilaee at about 30' C arid for liiglier ak'ohuls su^di 
absorption lakes place at liighei leniperalures foi tlie particulai wavl- 
leiigths used, {such iin’cstigalions were also c'arriccl out more recently hV 
Several workers t'onfirmin.g iMizusliima’s work. Mention may be made of the 
wuik l)y JNlalsch and Keutner who ijivestigated the dielectric constants 

of alct)hols at a iiarlicular teiii] leraliue for \\'avelengt]js ranging from 5C» cm 
upto lu metres. Ardcnne and ( )lterbciii ' 10 v'b earned out similar investiga- 
tions in the c'use of glycerine, ethyl alcohol, methyl alcoliol and water, using 
wavelengths ranging fiom -IS.4.S ceiilinietres uj>io 55 5 centimetres and 
obtained lesu'ts similar to those reported by inewioiis workers. * 

In Debye’s tlieoi y it has been jioslulated that Ihe lotalion of tlie molecules 
in the liquid can take [ilace only with particular frequencies, because the 
rotation of molecule is influenced by the iiioiiienl of inertia of the molecule 
and the viscosity of the liquid. When the freciueiicy of the incident electric 
field applied to measure the dielectric coiivStant coincides with natural frequency 
of free rotation of the molecules inside tJie liquid the molecule can follow 
oscillations of the field. 'J'hiis some aniuuni of work is done by tlie electric 
field and absorption of electric energy lakes place. IMizusliima Dq-8) pointed 
out that the absoi'ptioii in the legioii of about 58 ems might be due to 
rotational transitions of the molecules in the liquid. His main argument 
in favour of such a hypothesis was based on the facts tluji in case of Avater 
vajiouv absorption is observed in the region between q/c to 300^, and 
according to Debye's theory, the relaxation time of the water molecule in the 
vapovir state would correspond to i in vacuum. Since the absorption 
bands observed in tlie infW'ied region are due to rotational transitions of the 
water molecule it is inferred that the free rotation of the molecules in the 
dielectric postulated by ]')ebye would also coriespoud to such rotational 
transitions as iiroduce infra-red absorption vS])ectra. 



Absorption oj U. H. F. Radio Waves in Organic Liquids 497 


The question whellier the anomalous ahsoi ption of electric waves in the 
ease ol alcoJiols and othei liquids is dtK to rotational IransititJH ol the 
molecules in ilie liquid state has nut Iieen discussed in detail In any suh- 
sequent worker after the suggestion u as pul forw ai d by Ali/ushima ' 

Alsu definite conclusion can he an ived at only hy carrying out fuither 
exiieriinental investigations ol thispiohlem. li loiational transitions would 
Ije responsible for such ajioinalous absf>i ption, certainly the number (.)f 
lotating molecules and the j)robahihty ol' rotational transitions would increase 
with tile inciease of teni]»eralure of the liquid- This question has jiot I)eeu inves- 
tigated carefully by any ]uevious worker. An alleinalive explanation of tlie 
phenomenon can also be olleied. An extra oscillating pait of the dii)oie mom- 
net may be created by the inter molecular field in a liijuid having i)olar molecules 
if the molecule executes damped oscillalions in the li([uid, and the li equeiicy 
of such oscillations can be deduced fiom llie time of lelaxalimis given in 
JJe-bye’s tlieoiy. If this lattei hypothesis would be true the effect of the mter- 
molcculai Ijcdd would increase at lower teiij)ej atm es, and therefore the 
intensity of alisorplion of electric waves would also increase with the loweiing 
ol temperature of the litpiid. It has been pioposed to investigate idisorijlion of 
ultra liigli fiequeiicy radio w aves 1)y optical luclliod in a large number of oiganic 
liquids having jiolar molecules in older to find out w'hich of the tW'O explana- 
tions nieiitioiied above is correct, and the present ]Kii>er deals w’ith results 
of ])rcliminary investigations on such a])sorj)tioii in acetone, ether and niclliyl 
ethyl ketone. 

U X P rc R I M K N 'J' A k 

As a source of lb H. lb radio waves .i t'. . K. <S57‘A lb H. Ib oscillator 
W’as used. It gave ladio waves of frecjiieiicies ranging fiom lo'o Mt ;'sec. to 
iMc/sec. Acetone and ether ^^'erc chosen as two of the liquids studied, bec.ausc 
Mi/.usluma liael not observed any anomalous absorption ni the case of tliese 
two Inpiids in the region from ^poS metre.-^ iqito 50 nieires even when the liquids 
had been cooled to ’-“6 q"C. Meliiyl ethyl ketone w^as the tliird liquid 
InvesUgated, and tliis liijuul was chosen to find out the cdiange in the naUire 
of ahsoiqjtioii wiili the addition of CH^ gtOLii> in the acetone molecule. All 
tliese liquids weie chemically ]unx and w'ere distilled liefore use. Vertical 
aerials having lengths suitable for diffeieiit wavelengths wxre fixed with the 
out[>ut terminal and a small cylindrical parabolic reflector was j/iaced beiiind 
the aerial and it w^as observed that when the Ijody of the oscillator w'as earth- 
connected, the direct current in the detector was not inlliienced by movement 
of any eonductor in its neighbourhood. Ibrst, a rectangular glass cell with 
stopiiered moulli w a^ placed betwxcn the t lined detector and the aerial and 
the diminution in the current after the detector had been tuned again W'as 
noted. The licjuiel to be investigated w^as then put in the cell and after 
tuning the detector, fin ther diminution in the enrrern was again noted. 
This w^as repeated for the liquid heated to different lemjieratures and also 
cooled to about o°C. In each case the absorption w^as investigated for a 
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vviclu range of fic(|iicnries. The current iu the rktuetiiig circuit with the 
empty glass cull between the circuit and tlie aerial was taken as and 
that v\ith the cell filled with tlie litjuid at a particular tenii)Graliire was 
taken as /, and the attenualion eo-efTicient wa.-y calculated from these data. 

K i<: s I' L 'r s AND 1) I s c t: s s i o n 

Ihe lesults obtained for the three liquids at dillereiit leinperalures arc 
given in 1 ables I, 11 and III and they liavu also been iilotted in I'bgs i, 2 
and 3. 
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Attenuation co-efficicnt of Acetone (CH.-jCO.CHa) 
at difTcrent temperatures. 
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Tavam II 

AllciJiuilion c'O-uff. c)l iiKtliyl ethyl ketone (CllgCh). CoH; 
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It will be Scull fioin these lesults that in the case of acetone the height 
of the ])eak of absorption increavSes as llu* tcmj»eratnrc of the liriind is lowered 
and at the snnic lime the position of maximum nbsoiption shifts towards the 
lower frequencies. In the case of methyl etliyl ketone, however, the shift 
of the maximum is similar lo that olrserved in the case of acetone iq) lo 
about 2S°C. As the liipiid is fnrtlier cooled to o'‘C, a large sliitt in the posi- 
tion of thc' maximum and also an abru])t diminution in its height lake place. 
In thc case of ether no maximum in absorption is observed when the liipiid 
is at lemiieratures, and 15' C, allliouch the alisorption co-efFicienl in- 

creases rapidly widi increase in Ihe fietpiency of the incident \N'aves. When, 
however, the liipiid is cooled to o'\- an ahsoiption peak is observed with its 
maximum at 4^0 Mc/sec and this shifts lo me /sec and the integrated 

absorption increases when the liijuid is further cooled to — lO^'C. Mi/aisbima 
(1027) did not observe any absorption inaxniium in the case of acetone 
and ether for wavelengths ranging from 3.0S upto 50 metres, but in the 
present investigation we see that such an absorption takes place when 
still shorter wavelengths aic used. Hence this idienomenan is not a 
characteristic ot uicohols alone, but it is exhibited probably by all polar mole- 
cules only if suitable wavelengths are used and the liquids are maintained at 
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tabi.k in 

Attenuation co-eQicicnls of 'Jth\’l ether at clillcront teniperal tires. 
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suitable temperatures. The shift of the maximum in the absorption 


observed in the present iiivestii^ation can be explained by Debye's theory 
as has been done l^y Miznshiina, but the ehan.ee in the hei.L*lit of the i)eak 
with the chanj^,e of the tcmperatnie (jf tlie li(inid observed in the case of 
acetone cannot he explained by the Iiy[)othesis that this absorption is due 
to rotational transitions of the moleenles in the licpiid, because if tlie 
absorption were due to such lotations it would increase with the increase 
of tempeiatnre of the liejuid. Cuntraiy to such ex[)ectations we sec that 
not only the height of the peak increases with the lowering' of the tempera- 
ture, but it also becomes smaller in the ease of acetone and ether with the 
rise of temperature. Methyl ethyl ketone, however, behaves in a similar 
manner only up to a temperature of 28''C, and there is some alu’upt 
diminution in the height of the peak when the liquid is cooled to o”C, 
and this may be due to some change in the structure of the molecule which 
may occur in this temi)erature range. In the case of ether the integrated 
al3SOri)tion in the peak increases with the lowering of temperature. 

'fhese facts may be explained if we postulate the hypothesis that 
the incident waves initiate rotational oscillations of the molecules in 
the liquid and the frequency of these oscillations coincide exactly with 
that corresponding to the relaxation time given by Debye's theory, and also 
that the intermolecular field ])roduced by the surrounding molecules has an 
effect on the permanent electric moment of the molecule. Probably, the 
value of the permanent electric moment changes ] periodically as the molecule 
executes rotatory oscillation, because the shape of the molecule is not 
exactly spherical and the cavity in which if executes the oscillation has 
not got any spherical symmctiy. If tliis hypothesis be true absorption 
5— 1712P— II 
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may take place for frequencies corresponding to the relaxation time and 
this has heen found 1(3 be true in the case of large number of molecules 
by Mizuslimia (1927). The frequency corresponding to rotational transition, 
on the other hand, would be different from this frecpieiicy deduced from the 
relaxation time. wSecondly, the degree (if fluctuation in the pennanent 
electric moment of the molecule produced by its rotatory oscillation would 
increase at lower temperatures, because the molecules suviounding the 
particular molecule in (jutstion come nearer together and the interunolccular 
field becomes strnngcir. At higliei temperatures, however, owing to 
thermal agitation, the iiitennolecular field acting on different molecules at 
different placxs of the liquid at any instant is not exactly identical, and 
therefore, the fluctuation in the permanent electric moment is due to the 
oscillation of the molecule in a field which has a range of values instead of 
a particular fixed value. Hence it is expected, according to such a 
hypothesis, that the a 1 )Sorption peak will be broader and broader 
as the temj)eratuie of Ihc liquid is raised. The results for acetone 
seem to be in agreement with such a liypothesis. This was pointed out 
earlier by Sirkar and Sen (ic)4<^). The results for methyl ethyl ketone and 
ether obtained in the present investigation also seem to supi>ort this hypotiiesis, 
if it is assumed that below 28'^'C the molecules of methyl ethyl ketone 
become associated to a higher degree, wliich results in a diminution in the 
effective jximanent electric nionuiit, and also in an abrupt increase in the 
viscosity of the liquid. N(i geiieial conclusion regarding the coireciness 
of this alternative explantion of the a])S(3rpt]on of electric waves by organic 
liquids can bf dr;;wn before results have been obtained for a large number 
of liquids. The investigations are, therefore, being continued with other 
liquids. 
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ESTIMATION OF SOLVATION OF IONS IN A 
SOLUTION FROM KINETIC THEORY * 


IK H. MUKHKRJEH 

{Rccciicd Jo} iiblicut io}i , Nm*. /, 

ABSTRACT. Ify a.ssuiiiinj' tli.it a point parliolo. liaviiijt Hit .H.'tiiic iiias.s nitil (-liarpe 
a.s a .solvated ion, van (epre.sent, Hit' iuii a.s tar as its motion in an clfctn’o Ik-Ul is conrenK'd, 
Diudo s rtinlion coniifttinp the t eloeity of a free elcetron in an c lectrie held willi (lie ina.ss 
•tnd otlii'i (pianlitie.s as>-oeiated \\ il h (he motion of the eleetron lia.s beeti applied to the 
motion of the ion ; and jl has hren shown that the fornmla gives the dc^pee.s e)f ht drations 

of tons relative to the hydration of the 11' tor. in elosc aguement with Washburn’s 
experimental values. 


T TI f) R P' '1' 1 (' A I, 


The motion of an eierii ically charged tnirticlc in an electric field 
conforms, to a fust apinuximatton, !(■ the equation 

II cA 

11= ... iij 

'' 2111 C 

where n = velocity of the particle in an electric field of X (J'l.M. Units) 

A = mean free path of the particle 

f.'m = charge and mass respectively of the ]>article 


c = me'au thermal velocity of the iiarliclc 
In deriving the above equation it has Ireen assumed that 

(/) the particle and the molecules among uhich it moves are hard .spheres, 
(ii) the particle comes to rest at each collision with the molecules, 

(Hi] the time, A/r, is laige in comparison with the duration of a collison 


i.e., the size of the particle is small in comparison with the mean 
free path. 

The value of A when a number of charged particles are moving through 
molecules of different kinds, is given by Jeans (iy35) as 

I _ 

. , Vo ••• ( 2 ) 

\/ 3!:v(t" + '^-v j s/i + Vljni, 


A= — 


where v,(r= number and diameter respectively of the moving (larticlcs. 

V,, o-,, m,=number, diamater and mass respectively of the molecules among 
which the particles are moving. 


Communicated by Prof. %S. N. Bose 
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If V is negligible in c<^>inparison with etc., and if tr is negligible in 

comparison with rjj, etc., 

A = v ... (3) 

i', ^r + m/vi. 

The ccjualiou of motion of the ions formed by the dissociation of an 
electrolyte in a solvent is, though of the type of equation (j), vciy complicated; 
for firstly, the solvent being a liquid, its molecules are very close together 
and secondly, the ions being solvated, have a rather laige si/e; consequently, 
the mean free path, if any, is comparable with or even smaller than the 
diameter of the ions. Tlie collision will certainly be more than binary and 
there will aiise coni])lications due to mutual attractions and repulsions. 
When the solution is dilute, thcie is practically no interaction between ions 
and ions and the equation of motions will be somewhat less comi)licatcd. If | 
besides, the ions have negligible si/e, tlie equation would he reduced to the 
simj)lc form (ecp i). 

het it be assumed that in a dilute solution it is possible to represent the 
10ns by indefinitely small particles as regards change, mass and velocity in an 
electric field. We shall call these p'articles the ‘representative jiai tides.’ 

If is the mass and c, the average velocity oi a reiirevSentalive particle, wc 
luive from the kinetic theory, 


r= V ^ 6’ =o.93iC 

3 ^ 

where C is that root mean square velocity of the particle ; 
and Jn?C “ = /{ = the average kinetic energy of thermal motion, 

so that 2 inc — i'S42s/ 2inE 

Whether a solvent is composed of molecules of one kind or a mixture of 
associated and uuassociated molecules can be determined with the aid of the 
formula 

=K(To-T] ... (4) 

where .S= surface tension ol the solvent at the teiiqierature T^K 

nz 5 = average moiccular weight of the associated and unassociated luok' 
cules 

% 

Pa = density of the solvent at 

T®= temperature at which the surface tension is zero 
= 2,12, for associated liquids^ 
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Assnmin.^ that a solvcut is composed of two l>iiids of molecules, 

we write equation (3) as 

•I 






TTv.jT.r V' 

From (j), and (5) 


~/ T 

, ' v, 

1 ‘'l 1 

1 



L'v"' 


r, a-,* \ 


ni 111. 


/)( 

c? 


07 lo^ Wl- loi^ J 1 lo^e (’-“loK Q 

I 

where J = ^ q = 1 

T .842 V*" [ 

For another kind of ions 

lo^e idi — JH c' — lo^ Q' 

lo« Q' = loo'h -l inn C> I JoK - ' 

ii'j r 


(5) 


(6) 


( ^ 

H 


. 1 -'- -1 

'-VI 

\ in 

11i.j j 

V.J, 

rr 111 

lUxJ 


... (60 

... (7) 


A 1’ 1' Tv 1 C A T 1 O N T 1 .) TITK l' A K O I- IONS IN W' A T H R 


111 ordtr to apply (7,' to the lii.sc of ir.us in water at i8‘X', lirstly we have 
to deterniiiif tlie average nioicciilar weight of water with the aid of eijuatiou (,)). 

At i8'"C, .Si 73 dynes i)cr cm., 7 ',, = 6.) 7” A', 7 ’ = ayi^/v and /*., = i . 
'J'hereforc equation (5) gives /ii ., = 33.2.!. Assuming water to consist of (H2O) 
and (U-jCtIj molecules, W'e have, therefore, 


'■> •• ’'a=i : 5-521 

If the (.HjOl:; molecules are suiiposed to he hard spheres 

ir, . ir„= 1:2^ 



I 

5.521 



— 0.1141 


Table 1 gives the values of log Q for different values of m — the tempera- 
ture being 18 °C : 


Tabi,e I 
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Supposing lliat the hydrogen ion is sohated hy either oue or two 
molecules of watei , we have, in the former case, ==nj, and in llie 

latter case, (/a) —37* C(jrres|>ondini;1y, lo_e (J — eillicr 0.7854 or 0.9947. 

Ihe velocity ol the ion or the i>arlicie lepreseiitiim it is 3 24 x io“ ' cm- 
]icr see., lor a ijoteiitial-fall (jI i volt [>er cm. 

1 lie velocity of the [lai tiele representing the lithium ion is 3.4x10”^ eni. 
per sec. 1-or this j^article, therefore, 

i h , = 0.0790; 

If (nil/, , =19, we should have 

log (}' = 0.785.^1 !- 0.9790== 1.76-^14. 

The mass of the particle must, theiefore, lie between 280 and 300. I'sing 
tlie method of proportional parts, the mass is calculat' d to be 284.4. Actual; 
calculation will give the value 28*1.1. If this is taken as tlie mass of tlie 
solvated Ij' ' ion, the number of water-molecules attached to the Li ' ion is 

It the degree of liydiation of II*’ l)e 2.(m),i.=37. Calenlating in the 
manner just shown, the degree of hydration of the Li is found to be 25.7. 

'bable 11 gives tlie values of the hydrations of some ions. Below" the 
calculated \'ahu s are g* iven the values expenmeiitally obtained by Whisliburn 
and Millard (1915) witli 1.25N solution. 

lAnrii 11 
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1) 1 v8 C U S >S I f ) N 

Altlioiipli the calculated values are satisfactorily close to the experi- 
mental values, the former are consistently too high. This is not un- 
expected, for equation (7), based on a simple assumption, cannot iircsiinie to 
represent the aetnal state of things accurately. The closeness of the cal- 
culated values to the ex[)erin]eiital values, hovvevei, shows IhM the assumption 
is not very wrong. At any rate, with its help, an approximate idea of the 
solvation of an ion can be obtained jirovided tlie degree of solvation of any 
other ion is knowui. ll is also possible that tlie hydration valves of Li' . etc., 
in a solution more dilute than 1.25N is somewhat higher (Baborovsky, 1927). 

Descrejiancies [lerhaps occur when heavier molecules are dealt with. 
In the case of ^ acsiuni, calculation shows that if IL is supposed to be associat- 
ed wutli one molecule of water, will be unhydrated and if H " is associated 
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with Uvo molecules, C/ will have 5 molecules : on the other hand, the observ- 
ed values arc 4.7 and tj.o respectively. It is, however, obvious that the 
velocity depends on the mass, being smaller it the mass is larger. It is not 
therefore clear how K' with mass {40-15.4x18) or 137 can have velocity 
smaller than C,, ‘ with mass (133 t“4.7 x i^) or 21 ^. 

It may be argued that the watei molecules are not detached irom, 
or independent of, one another; and so more than one molecule is likely 
to icact to a collision. 1 he values of /n , and a/., should, therefore, not l)e 
18 and 36, but larger, llni since e(iiiatioii (7) refers to point-masses, collision 
is considered U) take place with one molecule of water at a time and the 
duration oL collision is extremely small ; also the molecailes ol water are in a 
cjiiasi-hiound slate. Henee \\e may suppose lluil during a eollision, only one 
molecule is affected. 

Lastly, althongli the assnini)tion has been that uater is composed of 
simple and Innary molecules, the i)ossibilit>' of the existence of triiiaiy and 
higlier mnlecnles cannot be altogether ruled out. 
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THE COMPLEX SPECTRUM OF THE DIATOMIC MOLE- 
CULE OF CHROMIUM CHLORIDE (CrCI) 

]{Y V. RAMAKRISIINA RAO and K. R. RAO 

{Ri'ccivrd i<n puhHcaiion, April 

Plate XX I V 

ABSTRACT A band svstcin atlrilmtefl to CrCl inolecnle is obtained in emission in n 
li(‘avv cnn ciit (bsr baiT^e from A 6 |on_s7‘^''> The bands orenr in five j^^roitps and appear 
analoi^ons in Ihc 1 nan^^alK^se halide bands. The syslem is inlerpreled as due to the ckclroiiic 
transition *n — ^*’5 involvin;.^ high ninlliplicity terms. I 

T N T R O D n C T I O N 

With the Mtuilysisof IhelxinJ S[)eclnim of manganese hydride (Ncviii, 1942, 
1045) and tile manganese halides (Muller, 1943 ; Bacher, iq/iS and Rao, 1948) 
ilie postulates (jf hitherto unknown higli multiplicity terms in band spectra 
are lieine de\’eh)ped in analogy with the eom])lex spectra of atoms, l^'^or 
manganese an elecironic transition Ul — has been established. Similar 
theoretical considerations should lead us to expect a ^’‘11-*'^; transition in the 
case of the hydride* and halides of chrominm wliich just precedes manganese 
in the iieriodic table-. To Verify tiiis pre'dictioii the spectrum of chroiiiium 
chloride has b en Iiive*stigated.^ An extensive band system is obtained in 
the region Acj^oo — 5700, which exhibited a cbaracteiistie liiie-likc ap])earance 
with an unusual intensity distribution. Ihe theoretical postulates and the 
iiiteri)retation of the band system are described in the succeeding sections. 

K X V K R I Al R N T A h 

The chromium chloride n'.ed in this investigation was S]iecially prepared 
for this imrpose b> lieating ehmniium in an atmosidicre of dry chloiiiie. 
A very pure Kohlb.umi specimen of tlie metal is finely powdered and healed 
in a hard glass lube while jiassing dry chlorine over it. Violet scales of 
cliromiuin chloride volatalise and deposit on the sides. The anhydrous 
chloride thus obtained is cooled in a current of dry carbon dioxide and 
filially scraped off, 

Por the excitation of the bands the inelbod devcloiied in our laboratory 
and used successfully for Mn-lialides iRao, 19.48) is employed for the CrCi 
bands as well. The anhydrous salt which vaporises at ir)65’^C is placed in 
a discharge tube of simple design shown in Pig. i. The tulie, nine inches 
long and about one inch in diameter, is made of quartz capable of with- 
standing a heavy current discharge. Any ordinary pyrex H-shaped dis 

* A preliminary report has appeared in Current Science, 1949 
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charge tube is divided ioto two halves a cut in the middle; the two portions 



Fig. I 

Heavy current di^cliarge tube 

are attached with sliellac one at each end of the quartz tube. The electrodes 
are short cylinders of pure nickel and inserted into the middle of the tube 
such that they rest in the middle quartz j)ortion of the tube at a distance of 
about one inch from each other. A small quantity of the substance is placed 
ill between the electrodes. The tube is continuously evacuated and excited 
by a 2 K.W., D. C. geneiator develo])ing 2000 volts. A cliaracteristic 
discharge of veiy l)right greenish blue colour is obtained at J20()V and i amp. 
Photographs are taken on special rax)id panchromatic plates with a Hilger 
large glass Littrow spectrograph of high resolution and light gathering 
power and also with a Fuess instrmnent. Fxposures of five and one rninutes 
respectively were sulTicicnt. 

T) K S K I r '] I O N OT' T H vS P Jt C ^1' R U I\T 

No characteiistic spectrum definitely ascribed to the diatomic CrCl mole- 
cule is known till now. Mesnage (1935) observed about 15 red-degraded 
bands in the region 2600 in a II. F. discharge through a heated quartz tube 
containing CrCl vapour. An analysis of these bands Avas also presented and 
vibrational constants oj,.'= 33 and 0)^''= 117 cm“’ were suggested. The values 
as indicated by Pearse and Gaydon ^T03tS) are not in consonance with the 
corresponding values in analogous s]>eclra. liven the origin of the bands was 
questioned by the above autliors VAdio attributed tliem to the AlCl molecule. 
In the visible region F.der and Valenta's Atlas oi‘ typical spectra contains a 
photograph of CrCi. 11 shows in tlie region A 6500 — 5800 a few contliiiioAis 
patches. Mesnage also ic]>orted diffuse bands in about the same region but 
no discrete structure Avas reported. The bands obtained by ns are in five 
groups with line like structure but they arc very different in appearance from 
the actual lines of chromium and should be definitely considered as bands. 
Kach group gives the impression of a sequence with a particular At’ value. 
The intensity distribution in each sequence is unlike the usual P'ranck-Coiidon 
types. It resembles very much the band spectra of manganese chloride obtained 
in emivSsioii by Muller (1943) and Rao (1948). Tliese features have led us to the 
assumption that the bands are due to an electronic transilion involving high- 
multiplicity terms, as in the case of manganese haiide bands. The multiidi- 
* 6 — 1712P— II 
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city obviously sliould be even, considering the total number ol the clcctroiivS. 
Pearse and (jaydon ^icj37) casually suj^geslcd the possibility of a transition 
- *' 2 : ff)i CrH band at A 3650. A siinillar tiansitioii seemed most likely 
for Cr-liaiide bands as well. 

'file clnoiniiim atom with 24 electrons and the chlorine atom with 17 
electi'fins liave the foilowing electornic configurations. 

Cr: i.s" 2.s“ 2p'' 3/’'' 3d' /\s giving a ".S' as ground term, 

Cl: 15" 25 ' 2/^'' 35' 3/)*" giving a as ground term- 

The inconiidete 3d ‘ /\s and 3/>'‘ gioups give rise to the respective atomic 
Liieigy states. In the process of formation of the molecule the following electron 
eonliguration may be imagined on account of the particular stal.)iliiy of the 
d‘ I'ore flAi])orte) to give rise to the molcculer terms. 

cr‘7T'\ (r7r“8“ 

With the spins all jiarallel, the total spin is 5/2, giving a multiplicity 6. 

When the spins are parallel the A values, being of opposite sign according 
to PaulTs exclusion principle, make liA = o, resulting in a IS state. An upper 
sextet IT state may arise from the configuration 

It is easy now to formulaic the possible rotational heads for the transition 
“IT -‘‘ 2 . The ground state 2 (with A = o) must correspond to the coupling 
type, lluiid’s case h. In a ‘‘2 slate | ( A — o - and (.S'— 2i ) ] there is a spin 
splitting of each rotational level, /.c., for each value of K there wilj 1.)e six 
com])onciit Ir^xT, uitli /lying between K S and K-^S, whicTi, following 
Mulliken, may be designated as F^, F;,, F4 ..- F,, rcs])ectively. These levels 
have very small separations and ordinarily, are not resolvable. 

Tile np[)er ®ir state may approximate to case a or case b, or may represent 
any state intermidiate betv een the two. In fact for higher values of K it 
ayiproaches case (/A and for low values of F, case (^7). ISJo meaning can be 
attached to K in the former and to fT in the latter. The calculation can be 
made for higher values of K and reduced to the low values. Combining 
A and 2 we get 6 values giving *^ 17-1 •. ^’.TT_- etc. to which we might 
denote as F,,, Fr,,...Fj . Whatever stage of coupling the slate represents the 
lotational energy term is given by ecpiation (72), Jevons’ ''Report" page T24. 

A schematic diagram for the transition ''IT “2 reiirescntijig the various 
ol)Serval)le branches is represented in Fig. 2. The form of the branches is 
indicated, m the visual notation, as T, S. R^^.N according to tlie correspond- 
ing Ajx values 3. 2. etc, -“3.; changes of K by o, ±1, etc., being permitted. 
The rotational lines would be Represented by the formula : 

V = Vo FTF) - F'iK) = Vo 4 * + 1) - i) , 

Vo represcjKs the frequency of the nubline of the band. The formula for 
the indiviual forms are : 
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4 



Ti ai3>situ>iis ill CrCJ. 


Form 


T 

S 

R 


Q 

P 


o 


N 


AK 

■I 3 '’ = V^ +y<''(/v -I 3)- F" iK) 

= v„-l i 2 ll\+{ 7 B'-B")K ] {B'~B'']K'^ 
+ 2 v = v^ \ V'{K-\ 2)-F"{K) 

= v„ + (i)6B' + {5B'-B")K + iB’ - B") 

+ I v = v„ -f F'(A’ + i)~F"( 7 v) 

= v„ + 2B' + (3B' - B")K + {B'~B")J'P‘ 
o i- = v„ + i''(A')"-7<"(/0 

= v„ + (B'-B")A I (B'-B'OA- 
— I v = »'o -f F'iK — 1) — F"(K) 

= v„ - iB' + 7>’") A + {B'-B"]K~ 

-2 v==v„ + F'(A-2)-2''"(A) 

v„ + 2B' - (3B' + B") A + (B' - B") A = 
-3 V = V„ + F'( A - 3 ) - F''(A') 

= v„ + 6B' - (5B' + B") A + (B' - B") A" 
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Differentialinx the above expressions with respect to K and equating to 
zero (llie condition for head formation) » we get the value of K at which the 
head is lornied. P‘or the case in which !> IV' (violet degraded bands) K ^ is 
negative for K, S, T foiins and positive for tlic others. The K h values for the 
latter are sliow n below : 
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-3 
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N 

K, 

“ 

B' \ B" 
-AB'-B") 

sB' + B" 
2{B'-B"} 

5B'4B» 


Hence in CrCl bands lor which co/ we expect only the Q, P, O, and 

N forms as head forming. These transitions are shown in Fig. 2 - 
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Tablic 11 


Catalogue of CrCl bancl*lieads 
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Table II iconid.) 
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Vibrational clifTcrunccs in the Q heads. 
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Table IV 


Diflerencc scheme for the 0,0 i;roup. 
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With the above picture of expected transitions an analysis of tlie band 
groups has been attemi)led. As nientioncd incvionsly the bands occur in 5 
groups. One of these extending from ^6230 -6140 stands out prominently 
and IS considered as Ar- o group. A detailed analysis has been suggested for 
three of these five groups. The outermost two groups arc fainter and 
practically obliterated due to superi>osition of the lines. In Table, II, a cata- 
logue of the wave-lengths together with the intensities and wave-numbers is 
given. The fourtli column gives the vibrational assignment. The rotational 
designation of each head denoted aibitrarily for convenience by symbols 
A, 11 , C\ ^ . . h is given in the last column, 4 'hc meaning of the arbitrary 
symbols T to the corresponding actual heads which they represent 

will be clear from Table 1 . 
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Fig, 3 

Structure of ( 0 , 0 ), ( 1 , 1 ) bands, CrCl at A 6230 
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In order to briiis out clearly the rotational structure obtained in each 
sequence a plot of all the band heads (about 25) measured in the Ad = o group 
is shown on a uniform frequency scale in Fig. 3. The height of each line 
in this figure indicates the intensity of the head. The rotational transition 
and the vibrational assignment of each band are also represented in the 
same diagrain. The (0,0) bands are placed in the upper and the (1,1,) bands 
in the lower portion of the figure. 

The scheme shows that practically all the heads have been interpreted 
on the assumption of the transition and the manner in which 

almost all the important band heads .seem to fit into the scheme and the 
close analogy of this molecule with the corresponding halides of Mn are 
taken to justify the interpietation of the structure presented in this paper. 

The coupling constant has a value of about 36 cm - i as calculated 
from the Q branch .separations shown in Table III. which also gives the 
values of the vibrational constants 0/ =342 and lo,." ~ 202 cm"^. The^ 
breadth of the multiplel is about 5 x 46= 230 cm”' ; it is just .smaller than 
the gross structure given by the vibrational intervals- The result of this 
is that overlap of the gioups need not be expected a feature which is 
evident from the re) noduction. (Plate XXIV) Table IV presents the scheme 
of intervals in the (0,0) group. The separations in the components grad- 
ually increase from F„ to F,. A similar increase is observed in the 
seiiarations between Q,P,0,N forms of the rotational branches. 
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EMISSION SPECTRA OF THE MANGANESE HALIDES 

By P. TIRUVimOANNA RAC) 

{Received for pitbJicalioii, Apfil ii, iQjq) 

Piates XXVA and P 

ABSTRACT. IJarlier’s analysis of 'lie bniid;. in llio region A A 3500, as 

arising from liie olertroiiie transition ^2S, is ext cnrlocl to the Iiiglier see] nonces At'-—:! r, 
± + T \ similar analysis is Aca'kcfl oiU foi the At'--* -1 i scf|nencc of Mnbr haneJs. 


I N ']' R 0 r> V c r I (.) N 


In a short note, the unlhor iRno, 1048) reported charaet eristic baiuhs in 
the region A3f)oo-A^5oo altrilmted to the diutoniic luolecnlc MnCl in :i iieavy 
curient dischurge. An analysis of tliese bands was eomninnicated in a 
lirevioiis paper (1948 and 19.19). Considering llie previously imbhshcd work 
of Rochester and Olsson (1939) on the band siiectnnn of TVlnh', the bands due 
to the MnCl molecule were attributed to the tiaiisition T [-':2 and the 
vibrational constants ''iC - ‘")d ' 3 b 5 '^ were estimated. It was, 

Iiowcver, i>ointcM.l out that there was the main difficulty in the above interpreta- 
tion, namely, tlie very abnormal intensity peculiarity, chielly, in the band 
heads forming the i^v~o seriuence. Miilier s (1943^ suggestion of an electio- 
nic transition — * 1 ^- u'as also coiisidcieu, hut in view of the gieater 


probability of a :i:-state as the ground state of the molecule, it was suggested 
that the observed complexity of the hands may be due to a high muliliplicity 
II term for the ui»pcr slate only, the inohahlc Irausilion thus being ‘JI-'S. 
While a more detailed study of the bands, on this basis, of complex molecular 
terms was in iirogress, an intere.sting and comprelieusive paper was published 
liy Bacher (1948). This system of manganese chloride, designated by him, 
as system ft, was obtained only m absorption. Besides this, the correS))ondmg 
system in l^lnBr and Mnl were also obtained in absorption. Emission bands 
were recorded only for manganese fluoride. In all these molecules the ft system 
was attributed to the iransition 'H-’S similar to the one suggested Iiy Pearse 
and Haydon (1935) and ccstablished by Neviii (194-'^) ’u AtiiH. Bacher 
published an analysis completely for all the groups Ar, = u, ±1, ±e, f..r 
the MuE molecule. In MnCl and MnBr, he gave the classification only 
for the Av-o sequence. Pe.haps in the killer two molecules, since the 
absorption spectra alone were recorded, the groups with might have 

been poorly developed. The emission spectra of these two molecules were 
obtained by the author in the present investigation with sufficient intensity 
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as io justify an uxkujsion of tlic sclieine to llic scrinences as well. 

This extended analysis is ]n'escnterl in the follovvin;^ sections. 

Tlis expLiinieiit il arrangement was described in detail previously. 
Jt will be seen that a discharge tube of (|uite a simple design without either 
external heating of the substance or water cooling of the discharge tube and 
circulation of the helium gas, as \iscd by Bacher, is found sulTicient for the 
excitation of all the halide bands The heavy current discharge itself ju'oduces 
enough local heating to vaporise the substance, In the case of MnK, the 
spcctrnm is obtained free from any trace of SiK bands. At a flasli voltage of 
1500 volts from a 1). C. generator and with currents of 0.6, 0.5, and 0.3 
amperes for MnF, MnCl and MnBr repectively, exposures of just 3 minutes’ 
duration gave good Sjiectra witli a ITilgcr (piartz Tittrow spectrograj)h on Ilford 
vS. R. plates. All the bands recorded by Bacher for the three molcLulcs Mnl*', 
MnCl and IVlnBr have been obtained. But for the iotlide, this experimental 
sci*np w’as not suitalde. 


U Tv vS IT Tv r vS 

MnCl. Tables I to Vi contain the ol)5ervational data obtained w’ilh 
manganese chloride in llie present work, The> relate to the scLiUeiices 
A7)— ±T, ±2, ±3. The data on the At~o seejuenee is omitted as it was 
already completely reported by Bacher. The last two columns in these tables 
give the vibrational and the rotational assignments of the difl’ercuit heads. 
The classification is closely analogous to that determined foi the Av — o 
sequence by Baclier. 'J'he sti uctnre corresi>ondb to the transition ' 11 — * ' 5 . For 
a full discussion of the multi] )let analysis, reference may be made to Bacher's 
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PLATE XXVA 





MnCl bands. Fig. a- -( 1,0) sequence, Fig, fc— Overall picture. 
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Tabi.k VI 


MnCl bands - 3 sequence. 
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excellent paper. Table VII briefly ^ives the different forms of branches 
expected ui this system consisting of violct-dr graded hands with ii\ 

coniformity with the selection rules applicable to transitions between rotatioual, 
energy levels (Ay = o or ±t excluding o-- >0 and AK; = o, ±1, ±2, etc.) 

TA1JI.E VII 

A J\ >1 ~ J - 3 — 3 

”l''orni’‘ Q 1' O N 

As an illustriition, a schematic diagram ol the transitions is shown for 
the (1,0) se(iuence ol MnCl in Plate XXV A P"jg.(a). from wjiich the 
classification ol each band can l)e clearly understood. 

Tal)lcs VIII and IX present the interval data between the component II 
terms for the (0,1) and (i,oi bands respectively. The intervals Q — 

O — N show the expected increase. The ^11 intervals sliow a very slight increase 
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TaBi.e IX 

Mu Cl DilTc runces between waveiinnibers of (i,o) bands 
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Mnlh. The experimental data on tlic MnBr bands beloiigin^^' to the 
Ad= +i sequence and tlie classification of the individual heads are ^^iven in 
Table X. 'J'he transitions are leproduced in Plate XX VB. 

Table XI .i:tives the differences in MnHr similar to those shown in Tables 
VTII and IX for MnCl. The taldes aie self-explanatory. 
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Table xr 


MnBr DilTcTeiices between waveniiiiibers of fr,o) bandh. 
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ON THE INFLUENCE OF SOLAR ACTIVITY ON THE 
INTENSITY OF COSMIC RAYS 

^ By I. Iv. CHAKKABORTV ANiJ S. 1 ). CIIA'J'TIvRJlU'? 

(Rcicivcd for pubhcatioUf Oct. /..V, ig (fj) 

Plate XXVI 

ABSTRACT. A rcpoiT of a sinidin iiicivasi' in oosniii' rav inU-iKsity fnno\\'in^r tlic .solar 
flare on January 25, jqi ) 141x 011 It is arroinpaiiu fl ])v a rapid diniimitioii in rosnifc ray 

intensity and a slow ret'ovtTv as a irsnll of Hie eonooniitant nmi^netie storni. The relation- 
ship of the t\^\o proet'S'^es with solar aelivily is di‘«cu^iSe(L 

I N T R O D U C T 1 O N 

Thu intensiiy of cosiiiir radiaiioii at any i>lacu on the surface of the earth 
is subject to variations, which are, more or less, woikl-wide in character. 

These variations are of two kinds; periodic and Uf>n-])eriodic. The former 
type mainly consists of ; 

(a) The diurnal variation depciidin.u on solar time 
{/)) The diurnal variation depending on siderial time 
(c) 'Hie seasonal variation and 
{d) The 27-days period variation. 

Most of these i)eriodic variations have been accounted for, on tlicoretical 
grounds by Vallarta and Godart (1030), as being due to the relative change 
in the position and orientation of the magnetic dipoles of the Sun and the 
earth during their resi»eclive career. 

Amongst the non-periodic vaiiations the most important ones are 

(f) magnetic storm effect as observed by Forbush < 1937) and Hess and 
Demmehnair (Ty37), and 

(0 Solar flare effect as rei»oited l>y Forbush (1946!, Dupeiier (1945), 
Dolbcar and Flliott (1947) and Neher and Roesch (1948). 

Both these non-periodic effects owe their origin to the same .source, viz., 
solar activity due to sunspots. From the observations emimeratecl aliove, 
it may be taken to be definitely established that on the Sim, sometimes 
active regions appear which are closely as.sociated with sunspots and in w'hich 
charged particles can be accelerated to energies of the order of '"'10’ c. v. 
The mechanism of such a process was first postulated liy Swann (1933), who 
solved in relativistic mechanics, the problem of aciiuiremenl of cosmic rays 
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by c’harL’cd jun tides, throii^^h the agency of nia^iidic fields associated 
with suiisimUs. a siiiiplur model has been euvisaRcd by Ba^,ee and Biermann 
which readily shovv^ that on account of the permanent maftnetic field 
of the Sun, it is mA possible for diarj^ed i)artides of energy lo'" e. v. to 
leave the Sun except in a very narrow band at high latitudes. I'his difficulty 
is sometimes surmounted in the following way : 

A ]jartide projected during a solar flare will conic under the combined 
adioii of the vSun and tlie transient' magnetic field of a pair of sunspots 
moving relative to one another. The latter [aovides a tunnel through the 
forbidden l egion of the jiermaiient field through which charged jiartides can 
escape from the Jowei' latitudes of the Sun. The existence of this tunnel 
dejieiids on the relative strength and the orientations of the permaneiil and 
transient dipoles, and on the ratio of their field .streiigths as a function of the 
distance. If tlie charged pat tides which escape from the Sun are endowed 
witli snificieiit energy, tliey would cut across the barrier of the earth’s inagiic- 
tic field and reach its surface at particulai places, causing local increase of 
cosmic rays intemsity as observed in solar flare effects. Failing this, the 
parlicds would be ddlected by the earth’s magnetic field and move in 
trajectories w hich are crowded on either side of the magnetie equatorial 
plane at distances of the order of about three times the earth’s diameter. 
The latter are resj)oi]sil)lc for the magnetic storm efTeet. Chapman (1937) 
has offered an explanation of this eflFect on the basis of vSlornier’s hypothesis, 
that a part of the earth’s axial magnetic moment is caused by elcctionic ring 
currents as desc Abed above. If, during a solar flare, these electric ring 
currents ai< increased, the magnetie dipole of the earth is stieiigtheiied for 
regions outside of these ring currents, while inside, near the surface of the 
earth, the magnetic liovi/.oiital force is reduced, ’riie increase of the earth’s 
magnetic field in the outer space produces an increased detlection of the paths 
oi the cosmic rays juirlicles, thus reducing tlie oliserved cosmic ray intensity 
on the earth. As is well known, these trajectories have parabolic longitudinal 
Secli(uis. Thus generally, the charged pai tides emitted by the Sun, and 
directed towards the earth, will, if not provided with sufficient energy, return 
to infinity, following asymptotic paths. This explains why a magnetic storm, 
and tlie consequent change of cosmic rays intensity, starts suddenly with the 
initial phase of the storm, follow^ed by a very .slow recovery, extending over 
more than a week during tlie last phase of the storm. Under veiy special 
combination of circumstances more energetic particles arc emitted from the 
Sun which can penetrate the earth’s magnetic field and px^oducc local increase 
in cosmic ray intensity. This, when it happens, precedes the former. 

The i)ossibility of charKi;<l jiaiticles endowed with cosmic rays energies 
being emitted from the Sun, lias revived speculation regarding the origin of 
cosmic rays. \ filer (194S) has advocated that cosmic rays are of solar origin 
and are kept relatively in the neighbourhood of the Sun by the action of 
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solar inagoehc fields. This view has heeii amplified by A\fv6ii. Riehlmyev 
aud Teller (194.9) who arj’ue that tlie great total energy present in cosmic 
rays would require very efficienl methods for the luoductitni of these ra\s if 
It be assumed that cosmic rays are spread uniformh’ Ihrouj^liout iiiter-galatic 
space- This difliculty can be somewhat side-tracked I)}’ assuming ihat tlie 
cosmic rays are generated on or in the nciglibourhood of llie vSun ami are 
kept near the solar system by extended magnetic fields. AcctJidiiig to tins 
picture, cosmic rays circulate in the neighbourhood of the plaiietory system 
for thousands of years, during which time the radiation becomes isotroi>ie. 
The validity of this solar theory can pei*liai>s be tested by an analysis of a 
lai'ge iuiml:)er of data coiieerniiig magnetie storm and solar llare effeels. 

Since the magiielic storms and allied phenomena are closely associated 
with solar activity, their intensities and frequencies of occmretice wax and 
wane over the eleven year solar cycle- The present year, lo-lO, being 
situated at the cre-st of the eleven year-cycle, corresponding with maximum 
solar activity, it was considered desirable to undertake continuous cosmic 
rays iniensity measurements throughout the year, 'I'he present paper, which 
is first ot the senes, describes some interesting results of ineasuremcnts 
extending over one week following January 25th, 1940. 

B K P U R r M U N T A R 

For continuous measurement of cosmic rays intensity, eS])ecially extend- 
ing over long periods of time, the pressure ionisation chamber is still perhaps 
the best available instrument. Standard ionisation cliaml^ers have been 
designed and described by Kolhroster HolTmann and Ivindholm (19^8) 

^tcinke (igeS), Millikan and Cameron (1931) and Compton, Wollaii and 
Fennett (1934). ( )nr ionisation chambei assembly consists essentially of five 

parts. These are liricHy described below : 

(i) The collecting volume or ionisation chamber proper is a steel cylinder 
of 3 inin wall thickness with two liemisi)liencal ends, welded with suitable 



Fig- t 

flanges. One* of the flanges is fitted with a gas inlet arrangement furnished 
with pressure gauge and needle valve while the other sui)ports the highly in- 
sulated collecting electrode assembly and guard-iing. 'I'hc volume of the 
chamber is five litres and is filled with argon at a pressure of 200 Ihs per sq. 
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ill, Till* vessel contains no network which, accoi cling to Steiiike and 
and Schindler (1032) and Piundt ^1933), is unnectbsary in high i>ressure 
chainhcrs with a coni]jarativv.ly small elcclnc held near the central electrode. 
In ordii' to furUier sui)i)ress llie radioactivity of the walls, the inside has 
been coated with n nii.Ntnjeof (oilodion and lamp-black to a thickness of 
0.3 niin. This layei absoiiis the a-]>arlicles. The vessel is insulated from 
Its surroniidings b> an ebonite sitj)port. 

(2) I'he giiard-nng consists of a conical brass tube v^edged between 
the Jiard-riibber and amber plugs. vSiiitable vShields are screwed on both 
ends of ihe gnard-ring, serving (lie following niiportaiit functions : 

(rtj Proliction of the collecting electrode fjoin leakage cnrreiils which 
might Ilow^ across the insnlalicni . 

(h) Provision of eleclrostal ic sliielding for the electrode S5^stem. 

(r) lilimination of the occurrence of the Lroiililesome phenomena!^ 
associated with thi* electrical polarisaiion of the insulators and their \ 
relaxation. 

(3) A cylindrical brass lod, of five miii. diameter, and coaxial with the 
chamber, constitutes the inner collecting electrode. It is sniiportcd by 
licing screwed into a small conical brass plug embedded in the insulator 
amber block. >Screwed at the other end of the lirass plug is a narrow brass 
rod, wliicli is connected to the electrometer filirc and is “earthed" every 
hour liy a pliosphor-lironze stri]) operated liy a clock-work airangement. 

(4) Tile iiieasLiring iiistrumeiii is an uni/ilar electrometer of Wulf's 
type. The sensitive system consists of a Wollaston filament of 2fx thickness, 
atiaclied uy its lower end Uy a quartz sjiring bow. Suitable sensitivity is 
oblained by adjusting the tmsioii of tlie lilaiiieiit and also varying the 
voltage or the j)osition of the knife-edges. Pike the apparatus of Hollinaiiil, 
Steiiike 01 of Coiiii)t()ii, the electrometer is pJac(‘d outside^the ionisation vessel. 
An extension ol the giiard-niig enclosing tlie s])ace between ihe chamber 
and the electrometer is made air-tiglu. 'I'liis space as well as the electro- 
meter vessel are kej)1 dry by means of phosphorus peiitoxide. 

(5) The recording ajiparatus consists of a cameia with a cylindrical 
lens. Ciiieinatograjihic him is ivrai>j>ed round a drum mounted on ball- 
bearing iiivots and slowly driven by a clock-work mechanism which is 
snitalily geared to make one complete revoliilion in twelily-four hours. 

The Wollaston filauieiii is illuminated from behind and its image is 
throw'll on the him wdth the heli> of a microscope as a dark line against a 
bright circular background. A sample stri]), embodying liourly photo- 
graphic records of the jiosilioii of tlw fii-nnent, is shown in Jng. 3, Plate XXVI 
The slojie of eacli line is a measure of the average cosmic-ray intensity 
during that hour. 

The bolt jU and llii four sides of the chamber are surrounded by lead 
bricks of 5 cms. thickness in order to cut down the local radiation. When 
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\\vc top is covered with similar lead bricks, measuremeuis are said to have 
been taken with closed shield. Otherwise, iiieasurcinexus have been taken 
with open shield. 

A jxoteiitiul of ^-450 vfdts is obtained from thiee well insulated dry 
batteries and is laid directly on the wall (;f the chamber, so that the entire 
volume is used for the measured ionisation. 

A schematic dia<;^ram of the anan.eeinenl is sliown in 1 m^^, i, whilst 
a photogrn])h of the ionisation ehmnbei assembly is gi\xii in big. 3 of 
Plate XXVL 

The measurements were carrieel out in a small room situated on the 
top of the Bose Research Institute. The ceiluig and one of the walls ol 
the room consisted of thin cement asbestos sheets; the other three walls 
were constructed of sleiidei masonary In order to minimise llic leinpera- 
lure fluctuations, the outer walls and the roof were thickly coated with 
aluminium jiaint. vSubseciuent ly. the room has been therjnally insulated by 
covering the floor with coik slabs while the walls and roof have been 
reinfoiced by double layer of teiilest wdlh cultoii walls sandwiclied between 
them. In order to keep the temperatnie and lutmidily of the room at 
constant coiitrolied values, an aii>coiulitioiiing unit is being installed. 


R n S U I, T S 

If all the ions of one* sign produced in a chanibei of volume V arc 
collected by the central electrode, then the ioni/.ation current observed 
can the written as 

i^ePI.V ... (1) 

where t? — electron charge = 4.77 x e.s-u. 

P = pressure of the enclosed gas in atmospheres. 

/ s - the* number of pairs of ions i)rocluced per cc. ixer sec. j>er atmosphere 
]/ = volume of the chamber in cc. 

The rate of change of potential in volts per second is 

(i(l>jdt = $oo cPIsVic ... (z) 

where c is the capacity of the central electrode system. 

In our experimental arrangement, 

P=i3.3 atmos])hcres (200 lbs per sq. incli.) 

I/--5000 cc. 
c — 20. 2 cins. 

and d0/d/^i-8 X voit per Sec., the chamber being surrounded by lead 
bricks of 5 cins. thickness; 

whence J , is calculated out to be 3.9 ions per cc. per sec. 
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Now, tlic total ionization I, is llic- snin of the ionizations due to cosmic 
rays and that due to local radiations. 

i.c. l. = Ci]. ■ ... (3) 

These two coni|)Onents C and L have been differentiated adoiffiiift the 
method ol Coin])ton (1933). Following Com])ton, our ionisation chamber 
was shielded with lead bricks of thickness 2.5 cms and 5 ciiis in succession, 
lonisalioii measiiremeiils were made in each of the above set-ups when no Ra 
source was in the neighbourhood. Next, a 1 mg Ra capsule, enclosed within 
a lead container, w:is idaced at an ai)proxiinate distance of one metre from 
the middle of the chamber and the ionisation measurements repeated. 
From these data, one can gel C and L by the use of the formulas 

C^[al{a~b)](R,-bR,)ly ... ( 4 ) 

]. = RJy -C ... ( 5 ) I 

,„i.„ a_ ionization due to cosmic rays through 5 cnis- lead shield 

WnClC Ct ..... ' 11-11' 

C-i loiii/.atioii cuiL‘ lo cosmic rays through 2 5 cms. lead shield 

ionization dne to local-rays through 5 cms. lead shield 
Li ionization due 10 local-rays through 2.5 cms. lead shield 


and 






'/jj 

Jy 


( 6 ) 


Ri 




(7) 


/j— ionization current through 2.5 cms. lead shield, radium absent. 
in= ionization current through 5 cms. lead shield, radium absent. 
ir= ionization current through 5 cms. lead shield, radium at i meter. 
ly = ionization current through 5 cms. lead shield, due to local y-rays alone. 
From the above equations, we find 

C — C- = 2.4 ions jier c.c. per sec. 

ions per c.c. per sec. 


It may be mentioned, however, that the magnetic storm measurements 
described hereafter, were undertaken with the open shield, i,c., with the 
tO]) surface of ionization chamber uncovered. 

vSince cosmic ray intensity varies with change of barometric pressure, 
a correction for atmospheric pressure variation was necessary. Assuming 
that the ionization pressure relationship is linear, (Wollan, 1939) 
there is a change of 2% in ionization per cm- change of pressure and that 
the barometric pressure coefficient is negative, all our data have been corrected 
for a constant barometric pressure of 1013 millibars. 

Moreover, the temperature variation of the room in which the apparatus 
was housed, affected the sensitivity of the unifiJar electrometer. This ne- 
cessitated the determination of temperature coefficient of the instrument. 
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To do this the ratt of cliange of sensitivity of the electrometer with teiiipera- 
ture had to be determined. This was done by checking the deflection of the 
electrometer fibre for a constant voltage al different times of day and night 
in order to have sensitivity records at different temperatures. From the 
va!?ues of sensitivity thus obtained at different temperatures, the temperature 
coefficient of the instrument was calculated graphically and all the data 
were corrected for a mean temt^crature. The cosmic ray intensity measure- 
ments were first started in December, iq4cS, when a comet was visible. 
No appreciable change in intensity during tlie period of appearance of tlu 
comet could be detected. 

Unfortunately, however, due to other pre-occupations no records could 
be taken during the week preceding January 25, iy 49 - A report of sun- 
spots and radio fade-out appearing in the morning jiaper of January 25 
prompted us to begin the measurements fiom the afternoon of that date. 
The result of measuiements carried oul during the following week is shown 
graifliically in Fig. 4. J‘'ach point represents the average cosmic ray intensity 
at the corresponding hour, corrected for barometric pressure and room lcm])era- 
ture. It will be noticed that an unusual increase of cosmic ray intensity, 

about 22% above the normal value was recorded at the very commencement 

of our measurements. This value rapidly diminished till it was about normal 
by the mid-day of the 261)1 and then climbed down to about 12% below 
normal when mid -night was reached. The subscqiienl course of the intensity 
curve is subnormal and jagged willi a gradual U])ward tendency to attain 
the normal value which it did after twelve days. 



JAN ‘19^9 

DAYS ► 


Fig. 4 
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Table i hbuws tlie list of solar flares observed at Kodaikanal during the 
nionth of January, 1949. whilst Table II gives the data of magnetic varia- 
tions observed. 


Table i 



Solar flares 



Moiilli nnri (late 



IMeaii Dat. 

Mean Fongitude 

Time (I. S. T.) 

1 

Intensity 

January, 19;! 9 
21st 

23II1 

H.is— "^^.40 
8.00—9 31 

‘'^■35—8.46 

i 

1 

slight 
j reat 

moderate 

23' N 

20” N (a) 

2?/ N ih) 

25“ N 

24 * E 
s" w 

16’ W 


In addiliou to the above flares, observations showed disturbed or active 
regions around sunsjiot groups on the following days, viz.^ February i, 2, 3 
etc. 

'J'able II 


Date 

! 

International character ligure 

Magnetic activity 

Janii.ary, 1949 



21st 

0 

Quiet 

22Ud 

j 

Slightly disturbed 

23rd 

1 

Slightly disturbed ; crochet at 
13.29 hrs. ' 

24th 

1 

Slightly disturbed ; sudden 
commencement of severe 
storm al 23 58 lirs. 

25 th 

2 

Greatly disturbed; strum 
continued 

26th 

2 

Greatly di.sturbcd.; storm 
eontinued till 18.28 hrs. 

:7tli 

1 

Slightly disturbed 

28tll 

i 

Quiet 


DISC U S vS 1 O N O F T H F, K P: S U D T 

It is to be admitted that the result obtained by us, as outlined above 
is rather surprising. Forbush (19^16) observed unusual increase in cosmic 
ray iutetLsity, associated with solar flares at Cheltenham (geomagnetic 
latitude 50°N), Godhavn (78°!^) and Christchurch (48^8), but not at Huaiicayo 
(I'^S). It is, therefore, somewhat unusual that similar increase in cosmic ray 
intensity should liave been observed at a place having low geomagnetic 
latitude as Calcutta (i2“N). Moreover, it transpired, on enquiry, that no 
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such iucrcasc was recorded tliis liiiiu al Wasliiiii;loii or AJaiidiesler.* It 
is difiicaU to conceive v\diy llie observaiioii of an increase in cOsinic i ay in- 
tensity due to a solar dare at a lower .ueoinagiielic latitude should not be 
substantiated at a higher latitude. It might petliaps be mentioned in this 
connection that Sarna and Sharina fitrio) got an abiiurinal increase in cosmic 
ray intensity al Lahore (21 "’N) on August 31 104b, which was not corroborated 
by the record of Dolbear and Llliott {iOA 7 ' Alanchester. I Such examples 
arc, howevei , by no means lare. For example, the large increase in cosmic 
ray intensity observed by Forlnish on T'Y'bruaiy 2S, lO-l-: at Cheltciiliam, 
and Godhavn as reporled earliei, was not lecorded by Diiperier (1945), in 
London (70^^). Gn the other hand, the small increase observed b}- horbush 
:\ few days later on Alaich 7, 1042 at both the above places, was readily 
corroborated by Duiierier. All these facts lend support to the hypothesis 
that the charged {larticles arrive at the earth only along ceilaiii directions 
after travelling through the magnetic field of the vSun, the earth and the 
transient sunspul field. Further, according to Forbusli, (Vdl and Vallarta 
(ig4()), during solar flarCS accompanied by an increase oi cosmic radiation, 
one would expect important departures from isotropy as observed al tlic earth. 
Such departures would occur only at certain i)oinls on the earth and only 
in certain directions. In a private comiimnicatioii, commenting on our 
results, Prof. Vallarla has remarked : 

"‘It would not he a jirioi i impossible for cosmic rays emitted Iroin the 
Sun during a dare to reach the latitude of Calcutta, noi w ould it be ruled 
out that such rays would lie oljseived there and not elsewhere, lor instance 
in Cheltenham. The least latitude of arrival <lepends on the relative location 
of the tunnel and the earth.” Prof. Vallarta has also kindly promised to 
gel the relevant smis])Ot data from Mount Wilson and calculate whether the 
rays had required energy to reach the geoinagiieiic latitude of t^alciitta. Lveii 

^ We are thankful tu Jh'. P. vS. Gill and J )r. R. h. Sen Gupta lor this inff.rnintion. 

^ The large increase of cusink-rav intensity recorded on July hy Forbnsh, 

Dolbear and Klliolt, and Neher and Roeseh, has been associaled with the intense solar Jlare 
fihserved 011 (hat dale. None of the above* obstrver.s could, however, detect a second iiicit'ase 
on the following August 3, 1946, as reported by Sarna and Sharma. Tl oernrred to us, 
that there might have hecn tv\o succes.sive active .solar dares on these dates like those on 
I'Vliruarv jS and M»irc]i 7, 1042 respectively On looking through the data, kindly supplied 
by the Director of Solar Physics observatory, Kodaik anal, on .solar flare.s recorded during, 
that period in different place.s, it has come to ran notice that an inten.se solar flare had 
actually been observed at Ondrej.n (Prague) on August 3. 194b. The close simnllaneily 
of the time of occurrence of the .solar dare and the olKservation of Uicrea.srd inlcnsilv 
of cosmic ra\s by Sarna and Shanna R*ads ns to believe that the o fihenomena were 
perhaps interdependent The relevant solar flare data are given be low ■ 


Oliservntor^ j 

i 

I 

1 

1 

Pate 1 

Times (( 

M. T.) 

Co-ordination of Eruption | 

Importance 

jQ 4 b ; 

( 

begin j 

1 

Knd 

Iwatitnde Longitude 1 

j 

Ondrejov 1 
(Prague ) j 

Augu.st 3 

J 3 . Ji 1 

1 13- 

:>6S ' 13 W 1 3 

1 


3— i7i2P-i:! 
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llicii, lie says, it would not be possible for him to locate their exact place of 
arrival at the earth until the integrations of eguations of motion was finished, 
which he hoj>ed to do in near future. 

It will be noticed that the increase of cosmic ray intensity was recorded 
at Calcutta on January 25, 1940, when, as shown in Table 11 , a severe 
magnetic storm was raging. This is, however, not very unusual. Lorliii 
(xcj3i) found that in 30 out of 32 cases there was an increase of ionisation after 
tlie beginning of the storm on an average 4-5% meati ionizations. 

It may also be mentioned that the increase in cosmic ray intensity observed 
on March 7, ig-p by Forbush and also by Dui)erier, occurred when the 
world had not fully recovered from the effect of the pievious magnetic storm. 

It is therefore likely that the aperture of the tunnel opened after the 
moderate solar flaiv of the Januaiy 25 , when the world was passing through 
a mag net ir storm in the wake of the great solar flare of January 23 , 1949- 
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THE COMPLEX BAND SPECTRUM OF TITANIUM CHLORIDE 
(the diatomic molecule, Ticl) 

By V. RAMAKRISHNA RAO 

{Received for publicalion, July 27, 1949) 

Plate XXVII 

ABSTRACT. The cliaraeleristie luitid spirtruiii of the Ulaiiiiim c lilondr molecule has 
been obatiiicil more extensively than that reeonleil b\ More and rarlaa in a traiisforim i 
discharge through the vapour. The bands are divided into 1 \m:» svslems 

System I: from 
vS>stemJI: ,, 37S7. 

The systems are ainilysed on tlu' assumption of the respective eleitionic transitions 

and 24-^2 

The approximate vibrational eoiistants are : 



Vf 


X / o }/ 


v/V- 

System JI 

259(10 

-474 

4..I 

‘ 1 .S 3 


System I 

23SIO 

531 

1.3 

TS 5 

3-^ 


INTRO DUCT ION 

Thu proiniiiciit band at A 4x9';’ is known for a long- time and was first 
reported by Fowkr (1907) along with two others at A 4199 and A /juSb, and 
ascribed to the molecule TiCl More and Parker (ic)37) recorded about 
32 bands of this molecule in tlie region A 200 — 4000. They inesenkd 
a fragmentary analysis of tliis group of bands assigning live liaiids to 
each of the 0,0 ; 1,1 etc., vibrational members. The heads are mentioned 
as forming either ]\ or ib. Approximate vibrational constants are also sug- 
gested by them as = and (u,/'=^443. Besides the violet of the above 
groui) of bands other groups were mentioned as occurring in fragmentary 
groups. For tl.cse even the wave-length data are not reported. Following 
the author s work on the comi)lex band spectra chiefly of the halides of 
chromium, it is considered useful to study the band s])eclra of the halide 1 
of titanium which belongs to the same liori/.ontal row as chromium. 
Vanadium occurs between Ti and Cr but the ]>reparation of the halides lias 
presented to us very serious difficulties, nor could these halides be supplied 
by Johnson and Mathey. A specimen of the chloride of Ti was available 
in a high degree of purity (supplied by Merck) and the band spectrum of 
this has been investigated. The results are described in ihis paper. 
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P, X I’ !• R I .M P N I' A P 

iVJoi\’ and Parker excited tlie hands in low and frccjiieiicy dis- 

chai^^es tjinnigli llouing vapour ot 'fiCl,. They found the higli frequency 
discharge more intense llian the low frequency one. In onr woik, the 
pureMeick jaoduct of TiClj is introduced into the usual H-shai)ed dis- 
charge lube and a low frequency discdiarge from an oidinary 1/4 K.W. irans- 
formcr is passed tlirough the vapour. 'kiCl,, being a liquid at room 
temperature (about 3n"Cj, is placed in a container and is suiJi)Iied in a 
regular stream controlled l)y a sloi)j)er from one end of the tu1)e, while the 
tube is evacuated from the other end. As the vaj)OLir is corrosive a 
series of eilectivc absori)tion towers are i)laced between the i)nmi» and dis- 
charge tubcj i)artially to ])rotect pum]» from the effect of chlorine or HCl 
A cliaracteri:'»tic bluish white discharge is nluained at a i>articu]ar ]>ressnre 
which is maintained steadily by adjusting tlie stop-cock from lime to time 
iMiotogra])hs are taken on tlie (jiiarlz Inltrovv si)ectrogi apli on Ilford s])ecial 
ra[)id plates- l{xi)osures of a lo 5 hours were given on account of the 
low intensity of the bands : good jdates are obtained witli 5 hours 
t‘X]>osure. (Plate XXVII. ) 


1 ) E vS f u T p 'j' I o N o r 'I' II n s v h c r r v im 

The bands oblaiiied by tlie author are in six groups and reproduced 
in Plate XXVII. The intensity distribution in each group is not as regular 
as might be expected in a simple structure. The liands are iiiie-like as 
in the other conqilex halides. t)f these sbx groups the one al A qieis, as 
can be seen from the reproduction, is conspicuously intense and is the Tiaiid 
that was first rc[)()rtcd liy P'owkr. Another marked feature of this is that 
it is develo])ed unusually long and deliiiitely impresses as a long sequence 
.structure. As mentioned by the previous authors it coriesponds to the 
A7 j = o groii]). Its inteiisily makes tlie idenliticalion unmistakable. 

The other live groiqtN occur to the violet of tins j)roininent group and 
arc of much less iuteiisil>'. Put there aie 110 groups or bands towards 
the long-wavelength side of A .119:!. This featuie is consiiicuously different 
from the spectia of the chlorides of chromium and manganese in which 
there is a development oi the groups on either side of the prominent one 
corresponding to A'i’ = a. However, in general, an examination of the 
complex si)ectra has sho vn tliat the (1,0) group is of considerable inten- 
sity and even comparable with the (0,0) grouj) wliile the (0,1) group is 
much IcvSS intense. This miglii account for the absence of tlie grt)uj>s on 
the red side of A, 1192 of TiCb The (o.r) grou^) is far too weak to lie 
recorded . 

All the six groups meiilioiied above could nol be coiisiderud as belonging 
to one system. As we ]»roceed from A. 1192 towards shorter wave-lengths 
we liiid tlie group at A 3857 (the fourth grou])l shows a sudden rise in 
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intensity. This had to be regarded as tlie Ar = o group of another systeiin 
A similar feature is observed in the band groups of FeCl considered by 
Muller (1943) : a rise in intensity at a particular groiij) being interpreted as 
a starting point of another system. 

The characteristic bands of TiCl are hence divided into two different 
systems ; A 4192 being the (0,0) of system I and A 3857, the corresi)onding 
number of system II. 

s r R U C T U R E A N II analysis or T H E BAN D S 

The structure of A 4192 belonging to system I is much more comidex 
than that of 3S57 assigned to system II In order to interpret the struc- 
ture of these two systems the following discussion may be helpful. In 
fact the analysis is suggested as a result of this discussion 

Considering the total number of elections in TiCl molecule, the multipli- 
city of the terms involved should be even: and as Ti atom has two electrons 
less than the Cr atom it is reasonable to expect the miilliplicity to be four. 
The following variation of the multi])lieities wiili atom may he instructive: 

Molecule Mnv Crv V.v l‘i.A Sex Cax K.v 
Multiplicity 7 6 5?4 3 2 J 

{x represents hydrogen or halogen atom.) 

The titanium atom with 22 electrons and the chlorine atom with 17 
electrons have the following electronic configurations: 

Ti: is'^ 2 .v" 3 .s’‘‘^ 3 d“ 4 '“ giving a "F term 

Cl: i.s” 2 s^ 2 p^' 3.s'“ 3/^’ giving a 'P term. 

The incomi)kte 3 lP and ^p^' groups give rise to tlie respective atomic 
terms. In the luocess of formation of the molecule, the following electron 
configuration may be imagined : 

JV 

(T TT , crTT 

With the* spins all parallel, (he total spin is 3/2 giving a multiplicity 4 . 
When the spins are parallel the )«/ values of the n electrons are of 
opposite sign according to Pauli’s exclusion principle, ami 5m; = 0 , resul- 
ting in a 5 state. An iii)per state may arise from o-'jr"', n", tt — >-■‘11 by the 
elevation of the o- electron to a II level. 

It is easy now to formulate the possible rotational heads for the transi- 
tion ■‘11 — *5. The ground state ^5 must correspond to the coupling t 3 ))e, 
Hand's case (/)). In a S state, (A,=oi, there is a s])in splitting of each rota- 
tional level, i.e. for each value of K there will be comi)onent levels, with J 
lying between (K-S) and (/v+5) which, following Mulliken, may be 
designated as (F 4 , F 3 , F^, F,) respectively. These levels have very small 
separations and ordinarily are not resolvable. The upper ‘IT stale may 
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approximate to cabL* (^/) or case (6) or may rei)rcseiit any state iiiteinlfediatc 
l)etweeii tile tvV(j. In fact, in analogy witli llie CrCl transition, we IiavL 
here the four levels F^, F., F, corre^l)OlK^ln^^ to A fij to A -li (the H 

values). 


A schematic diagram for the transitions rcjnvseiiting the various 

observable branches is given in Fig. i. Tlie form of the Inanches is indica- 
ted exactly as in the sextet transition of CrCb l"»r the rotational formula, 



Fig. I 


etc. — ^I'efereuce may be made to our earlier discussion on the sextet transition 
(Rao and Rao, 1949) . 

As the bands of TiCl are conspicuously violet-degraded {m/ > 10/) \\/e 
expect only the Q, 1\ 0 , and N forms as head-forming. These transitions 
only are shown in Fig. i and collected in Table 1. 

Another upper state can be poshilated by imagining an electronic 
configuration 

V,7r^'S- 

in which one eleciroii of the previous grou]) is excited to a S stale. Here 
too the ?^piu& are parallel but while the ;iu’s are j^aralkl fon. the tt uluctrons 
that for the ^ electron is auti-parallcl, thus resulting in a term again. 
Transitions between ibis state and the ground slate sliould lie naturally 
resulting in a simi)le band structure as liotli the states are and the 
bands should he to the violet side of the previous gn)U[). System I is 
considered as piobably due to the transition and sysleiii II as 

System II — With the above picture of the exiiected transitions 
an analysis of the bauds in system II is first attempted. In this process, 


(Ol- 
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the vibrational constants .civcn l).v More aiul Parker wore helpful for 
preliminary attciiipts. (These constants wore clerivotl by ihom from the 
analysis of the e^roup between A4200 tp 4000 i.e. of the system I) 


Table I 

Li si of Them c t ical Tronsilimis, 


A/ -I 

1 

0 ; 

1 

1 

+ 1 

Symbol. 




.1 


Ol 


H 




C 

r, 

"Q,, 


n 

'■’^’12 



E 

•'Ps, 



F 


O 21 


c 


‘■(?2a 

LKv 

H 

oP-n 

Qi 

0R2, 

1 

^Pn 

"Oh 

1 

1 

nPi, 

"(’ll 

! "Pn 

K 


'■''’12 

1 



(?i 

1 «Ri2 

m 


Thu groiii) III A 3S67.9 is taken as a starling point as it is expected to 

correspond to tlie = of syvStein II due to tlie simpler transition — 

With this star^ and with thu help of the approximate ground state fre- 
(luciicy 441, suggested by Mure and Parker, atteinids have ))ecn made to 
detect regularities among these bands- They resulted in the identification 
of bands witli simi>le sequence structure involving the interval difference 
of about 437, which is just very slightly different from the ground state 
frequency derived by More and Parker. The neighbouring gioiips fitted 
into a regular and simple sequences devehqiing to huge values. 

The upper state lias the first difference of 460 cm“^ which is of the i)ropcr 
order of magnitude- Most of the bands have entered into this 
analysis easily and the Dcslandcr’s scheme is given in Table 11 . By 
treating the system as a separate one, it is possible to explain easily the 

abnormal intensity of the groui> at A 3867 which corresponds to the Ax> = o 

sequence. In manganese an analogous system is observed and analysed 
by Rochester and Olsson (1939) and is explained by Bacher (1948) as due 
to the transition. In the case of chromium the corresponding system 

has not been obtained as yet. As already pointed out earlier (Rao and Rao, 
1949) the group at A2600 region, reported by Nesnage has been identified by 



Desiaiider's Scheme for TiCl System II 
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(iqS)?-6g6g3! 
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Gaydon (1927) as due to AlCl- Attempts by the author to ol^tain the group 
in CiLl have been inconclusive tliough it must be mentioned that there is a 
definite indication of the existence of the bands in the above region and (piite 
distinct from the AlCl bands. However, the analysis of the bands of TiCl on 
the basis that they constitute two systems, is believed to be correct, and it is 
expected to be of a similar transition as the corrcspoiuling bands in other 
molecules. 

/Inalysis of Sysicni T : — In the light of the i^ostnlales given earlier the 
13 band heads belonging to the particular (rbr'O values align themselves 
thus (Table ITI ). 
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Having obtained the ground state dilTereiice for system II attempts are 
now made to build uj) the analysis of the first system. Values of ground 
stale dilTerences obtained by us are used for the identification of the sequence 
members. The band at A 4192 is unmivStabably the (o,o) baud. In the (0,0) 
grou]) regularities of the band heads of the order of about 30 cni“‘’ are 
observed, A com])arivSon of the multiplel separations in CiCl and MiiCl etc., 
gave 30 units as the approximate order of multiplet separations to be expected 
in the case of TiCl. Further, a study of the 'W* term in scandium I and Ti II 
and ''P in Ti I, also gave a separation factor of the order of 30 This 

led us to attempt to secure regularities with about 30 as the multiplet separa- 
tions, and so in each group are placed four members with that scf^aration. 
These included most of the bands assigned by More and Parker to the (0,0) 
group. On building up the analysis we observed that the first vibrational 
difference in the upper state we oI)tained, was about 530 cm“' whereas tliat 
due to More and Parker was 498 cm“’; differing by 32 cm'*V This is our 
multiplet separation, indeed. Kvidently the i)revious authors did not chose 
the corresponding components in deriving the conect intervals. On a proper 
choice w^e arrive at the ground stale difference /j .']/), which also agrees very 
well with their values. This coincidence is taken as an additional supijort 
for our analysis. It is further gratifying to see that most of the bands assigned 
by More and Parker as belonging to a particular group (notably the 0,0 and 
I, I groups) go again into the same gioups though the analysis is made from 
4— I712P — 12 
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a totally different view point. Discrepancies are, however, noted and given in 
the eatalo^^ne oi the wave-lengths with the assignments of the bands, in 
"^rable V. They might beattiibuted to the fact that our values differ from 
their values, and also we assign about 13 bands to each (r', x’") value. While 
tlie nuiltiplet separations aie found to be of the order of 30, the diffei cnees 
of tlic rotational heads are found to be of the order 7 to I'he tendency 
for the sepaiations to increase from Fi to Fj and also from Q to N branches 
is also brought out in Tal)le IV. 

The very considerable length of the (o, o) group i? a charactciistic feature 
in the analysis ; it is a sequence developing up to high (r', v') values. This 
feature is not piescnt in CrCl and MiiCl bands. This may explain why vye do 
not gel tlie other sequences so well developed in TiCl. Perhaps the entire 
intensity of the S])cctruni is thrown into the A t — o sequence, as is also the 
ca.se ill system 11 , as can be .seen from the picture. The (1,0) baud of More 
and Parker is again one of the (1,0) groui) in our analysis. Two bands (at 
V 24069.4 and V 24136.3 assigned by the previous authors do not find a place 111 

our scheme ; the latter was not even observed on our plates, \ 

\ 

Tn Table V a catalogue of the wave-lengths together with the intensities 
and wave-mnmbers are given. Column 5 gives the vilirational assignment 
The rotational designatifui of each head, denoted arbitrarily for convenience 
by symbols /I, F, C, etc., is given in the sixth column. The meaning of the 
arbitrary symbols A to 27 , is that, the corresponding actual heads which they 
lepresent will be clear from the 'fable 1. The wave-numbers and intensities 
given in columns 7 and S are due to More and Parker and their assignment is 
also give’" foi the purpose of comparison and clearness. • 

'Pile scheme shows that practically all the bands liavc been interperted 
on the assumptions made ; and the manner in which almost all the bands fit in, 
is taken as evidence in favour of our analysis. This interi)retatjon places 
iiCl on a i)ar Avilh the corrCvS] ponding lialidesin the horizontal row of Ihc lir.st 
transition groiq) ol elements, and brings out not merely the Avell-known law 
of alternating iiiultiidicities but also one of progressive increase in multiplici- 
ties from group 1 to group VI elements. 

As can be seen from the picture and analysis, one hcli)fnl factor in the 
complex it}^ of the structure is that tlicrc is not much overlapping 
between menil)ers of the .same sequence. 'file spread of the nuiltiplet 
is 120 ems \ much smaller than the vibrational differences so that there 
is no overlap of members of different sequences. 

The separation between the two sysleiiis is much smaller than what is 
observed in (Cr and) l\In halides. 

More and Parker attributed three bands as due to an isotope of 
chlorine. A search for isotope effect in complex spectra of this type is 
not considered practicable, particularly under the dispersion we are able 
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Taw.k V 
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Table V (could.) 



Author 



More anti Parker 




S^'inbol 




Wave niiiiilicr 

Int. 



Wave number 

lilt 

v' v" 

34063.6 

3 


1 




34069.4 

3 



24069.5 

5 

3.3 

24073 I 

2 


] 




24084.4 

m 

2,2 

K 




24 (J 9 n.i 

3 

n 'I 
» *- 

L 

240^0 0 

h] 

3.3 

34096.6 

I 

2,2 

M 






3, .3 

A 




24103 6 

3 

3,3 

H 

24106,8 


4.4 1 

24117^8 

2 
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24123-3 
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3,3 

C 




24129.7 

3 

3.3 
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•I'Wi'j 3 
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4.4 

24148.0 
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3,3 
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24147 4 

2 

1 4 
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,s'>> 
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1 . 
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^’4'?''^ 3 
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/)1 
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2,42 <j 6.3 


4,4 

24219.4 

5^^1 

4,4 
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1 

24223.2 

0 

5,5 
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1 

1 
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C 
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5,5 

24242.S 
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3l>l 

4,4 
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24262.9 
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4,4 
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24284.0 
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2.1:74.0 

0 

5-5 

24320.0 

0 






24326.6 

1 






24341 -« 
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1,0 

A 

24342 8 
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1,0 

24.352-4 
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B 




3-1358.3 
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T,0 
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24392-3 

2 

2,1 



Complex Band Spectrum of Titanium Chloride 545 

Tablk V (confd.) 

List of unclassified bands 


Wave iiniiibcr 

Intel] 

Wave nntnl)ei I 

Inlens' 

24474.6 

1 

! 

0 

24769,6 

2 

^^582.5 

1 

24884.7 

j 

?. 565 o.n 

1 

25046.5 

I 

25S.SS.9 

2 

35082.8 

2 

25880.3 

1 4l)l 

25294.0 

0 

25934-4 

3 

25307.1 

1 

26295. cS 

] 

25340 7 

-7 

26318.5 

I 

25358.9 

2 

26358.3 

I 

25385.4 

35.(17.8 

4 

1 

264(ji 5 

0 


to use. The order of isotope vShifts is the same as the order of sejiaration 
of rotational heads and unless very accurate data are available, preferably 
quantitative microi)hotometric measurement of intensities and wave-lengths 
on spectra obtained under high dis])ersion, we cannot be very certain about 
the isotope effect. 

The following approximate vibrational constants as obtained in the 
prOvSent investigation are collected in Table VI : 
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2r/ <v/ 

Uf," 

X/' Of/' 

A 

System II 

25900 

474 

4.4 

455 

3.8 

— 

System I 

23810 

534 

^■5 

455 

3.8 
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THE WAVES! ATISTICAL THEORY OF COMPLEX SPECTRA 


By vS. SENGUPTA 

[Received foj pub lieu lion, IMtiy o, 

ABSTRACT. Wavcsiatistical reprusentation o/ spin developed in two earlier papers of 
Kar-Sengupla 11941;), and Sengupla '19.19) are applied U) llie case uf ((aiiplcx spectra. 
General formulae for the energy levels in the a/ conlignmlicui are rtbtaiiied. 'These fnniinlae 
are same as those ohtnined previously by Ilunstoii . I'oi /’/■coiiriguration, general 
formulae have been derived for the first time for the iwo limiting rases of LS and jj 
coupling. Applying the same method in the case of A' electrons in any configuration, the 
well known r-and g-sum rules for the multipkts are derived. In addition, a new sum rule 
applicable to tlic electrostatic iiiteractioii energy has also been obtained. It has been 
called the 5 -smn rule. The rule has been verified by taking the experimental results for a 
number of elements. 

In two recent papers (Kar and Scrigupta, 1949, and Sengupta, 1949) tlie 
wave statistical description ol the spin motion has l)cen given and with its 
help the energies and intensities of doublet spectra with and without the 
magnetic field have beeii calculated, in the piesent paper wc shall apply 
the same method to the case of spectra of atoms witli tw o or more ^’alencc 
electrons. 

At first we shall derive in a simple way general expressions for the 
energy levels arising out of A/-configuratioii. These formulae, however, have 
also been obtained by Hoaslon (1929) by use of complicated Pauli’s equation 
for the spinning electron- h'or the next case of /'/-configuration the general 
equation becomes very complicated as was first pointed out by Goudsmit 
(1930). However, in the picsent paper we shall extend our method and 
obtain for this configuration general solutions for the two limiliug cases of 
LS and jj coupling. These formulae show the validity in this case of Eande 
interval lule for LS coupling and the r-siini rule for all coupling. Applying 
the same method to the case of N electrons in any coufiguialion, we shall 
derive the well known f'- and ^-sum rules for the general case of multiplets. 
It is noteworthy that by so doing we get the theoretical basis of a new sum 
rule applicable to the electrostatic interaction energy. We shall call it the 
/i-sum rule. It may be noted that wc do not find mention of this new sum 
rule in any of the current literatures on the subject so far available. 

Let us first consider the case of two valence electrons occnpyijig the 
riih and levels respectively. Using the principle of exchange degeneracy 
and remembering Pauli’s exclusion principle, we can write out the complete 
wave function for the two elections in the form. 
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-i ix'"' .X'- -X'"' . X'*' 

y ?/)/i u. /)»//, n^hinnjHit, 


... (l) 


\vlieic^ ^uiniim, can be split into the orbital and spin lunctions in the same 
way as in the previous ])apers. Since the above function is degenerate 
with respect to nn,, and vu^, we get for the general wave function, 

vii ?/?/, 

If w'e Slim (i.i;) with respect to vhi, and nir.^ , we gel four terms corresponding 

to (jjifi, ) — ( + i i) ; ( -^ i “ i) ; ( + J i) ; ( “ -i + i )* By combining the 

last two terms suitably, we can write (i.i) in the following form witliout 
any loss of generality. 

V Nr ^ i/» f(‘i) A3) 

Y +P Y +7 Y - 

ni] mi aw.a/j, ini,un^ nii^nn^ nu^nij^ 

H n Y 

viijni^ ^ ... \2) 

where. 


_xW 


^ 2 \ ;/i/ini// j i ' h 


X ' x ) ^,(.1 




X'' -x'-" .x''' 

n\I\i>il^ }i2l2fm^ 


x'-' x'x! 


i^.'Yx*'* Tx'’' .X'” 


x'/'.x'-^’ , x<^' x'^> 

} -i - 1 • -J 


..; (2,1) 


Now there are three clijffeient perturbing energies to be considered — 
(i) The electrostatic interaction between the two clectrones. 


(2) The spin-orbit interaction of the two electrons 


Zr" (L,S,) ^ Zf" (US.) 




2nu,^r r'‘ 


(3) The magnetic interaction of the two electrons 
H-i=^a{nn, + 2 ^^., + 111 /^ + 2 nu^) 


'(3-2) 



W avestatislical Theory oj Complex Spectra 


549 


where. 


_ ehH 



4^/17 


Total perturbing' energy H = H, + f/o ^ H,,. If t he the lirsl order 
change in the energy of any level due to perlurbation, then we get from the 
general theory of peiturbation for degenerate states, (vide) vSengupta (1949^ 


I 


ai-€.)y 


111 /, 


Ip Lii dr = o 

»2/a 


(4) 


where /=i, 2, 3 or 4. 


For different values of and 7, equation (4) gives different equations. 

FvVidenlly each equation will involve a number of terms associated with 


the co-efficienls 0^ 


nujni.^ 




Due to the well know’ll 


characteristics of the pcrlurbing energies, Hj, H2, and Wy, all the terms of 
a particular equation shall have their M = + “t m,, same. Thus 

from (4)] we gel different equations for different values of A/. Since a 
[)articular Ai can be realised in many ways, we get in general more than one 
eepuation for the same value of A/. These equations involve the same 
co-efficients. Kliminaling these co-efficients from the equations foi a parti- 
cular value of A/, we get a determinantal equation, the solution of whicli 
gives the required values of for the states having the above value of 
M, Kviclcntly the highest possible value of /!/ is For this the 

deteriiiinaiit consists of only one term and the corresponding ^energy is 
easily evaluated. But for smaller values of Ai, the order of the detei minaiits 
increases rapidly and the solution becomes almost impossible. I he solution 
can, however, be obtained for some simple special cases. We shall discuss in 
the following cases of .v/- and ^^/-configurations. 


sl~co nfigu ration . — 

In this case one of the electrons is in the .^tli state, i. e., 1 2^0^ The 
hiphebt order of '’the determinant for any M value is four. Introducing the 
well-known operators for (LS) in fJa, integration in (4) can be easily 
performed (Sengupla, 1949). 'i’Fe required determinantal equation is, 
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Ihc M value of this determinant is mH i. The symbol b denotes the 
constant of spin-orbit separations and is Riven by 


and 



... (5.Tt 


... (5.2I 


Thus E and E' are constants of electrostatic interaction energy. 

'Vpart fiotn some unimportant diiTerences the above determinant is 
identical with that obtained by Houston (1929) by application of Pauli's 
equations for the spinning electron. It is not possible to solve equation (5 1 
for the general case. Houston has given the solution for weak field 
only. We give here the solutions for both weak and strong fields. For vvciik 
field, the .solutions, as given by Houston are, 



h'rom (6.1) we note that in the strong field case the genei'al formulae are 
much simpler and the relative separations of the triplet levels do not depend 
on the electrostatic interaction energy, i.e-, on the coupling strength. 
Moreover it is seen that P-sum and g-sum (where P denotes the spin orbit 
interaction energy and g the Lande factor) for all levels of same m value 
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are 2 and 4 respectively which, as can be easily ascertained from (6), are 
identical with the corresponding sums in the weak field case. This showe 
that I -sum and ^-sum are not only independent of coupliii g, as was show’n 
by Houston, but also independent of field strength. 


phconjiguraiion , — 

Here one of the electrons is in the pih state, /a — i. This case, 
however, is much more complicated than the previous one. Here the highest 
order of the determinant to be solved is twelve. This seems to be an 
impossible task. But a solution can be obtained for the case when both the 
spin-orbit and electrostatic energies are small compared to the magnetic 
energy. But since this case is not of much importance, we do not give the 
solutions here. General solutions for weak field or no field ca^e cannot be 
obtained. But for no field we can get the required formulae foi the tvyo 
extreme cases of l^S and jj coupling. 


LS coupling . — 


Here the electrostatic interaction energy is much stronger than the 
spin-orbit interaction energy. Hence, we consider first the effect of the' 
electrostatic energy Jh/i = c“/ria. This as may be easily seen from (4) and 
(2.1), splits the levels into three singlet terms V/ j), ’(/), M/ — i) and three 
triplet terms ■'(/ + 1)1 '‘(/), ’"(/-i). The wave functions for the singlets are 
given by and for the triplets by . and The 

corresponding electrostatic energies can be easily calculated. Tl»c method 
pf calculation is similar to that of Slater (1929), who has considered the effect 
of the electrostatic perturbation in detail. Slater, however, does not give 
the general energy values for the levels of /^/-configuration. He has 
considered only some special cases. In the diagonal terms of the deter- 
minants set up from (4), the electrostatic portion of the energy involves 
integrations of the form, 

J nil, mi, r,2 fm.nii, 


k-o 

where Z“i, 2, 3 or 4 and 

= c^'ditni,, /ifiiij. c^dyiii!,^ J^niiJ 

nil — mi' 


cc> 


‘‘''""''"'''’"VifcH-, / 

0 


p"" p’"' 


sin 0 d 0 


(7) 


(7.1 :■ 
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The and (7*'s aru thu well-known Slater-Condon notations. (For 

the meaning of these symbols vide Condon find Shortley (1935). For /’/* 
coufiguralioji it can be shown that k = o and 2 for s and k-l - i. and /4 1 
for s. Thus the electrostatic integrations in the diagonal teniis of the 
determinants lake the form, 

i- (7.2) 

The as and fa’s in (7.2) can be obtained with the help of the Gaunt’s formula 
(Gaunt, 1929) for the integration of the product of three associated Legendre 
functions as in (7.1). The values of a^'s and b^’s for particular values of 
have been given in tabular form by Slater (1929) and Shortley and 
Freid (1938), In Tables I and II we give the corresponding values for the 
j(>/-configuration. 


T\nrj( I 

6* ihni iniG) 


In the third and fourth column are given the values of b* for k — l-i and 
1 + 1* The common denominator is writter only for the term at the head of 
each column . 


mt 

m', 

1 — 1 j 

1 + 1 

1 


3i 

3 

I 

4^2—1 

( 2 i + 3)*(2/ + l) 

l-i 

1 


9 

1 

0 

0 

y2i+i) 

1-2 

1 

3(/-iH2i-3) 

2I—1 

18 

i-1 

0 

3 

I 2 L 

1 

— X 

0 

3 (l+l)(2i+l) 


j 

2/— 1 

30 

1-2 

u 

2I-1 

9 ( 2 /“ 1 ) 

l-l 

— T 

0 

3Z(2l+i) 
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Table 11 

a*‘ {Im I im'/ ) 

a^\s do not depend on the signs of ni/ and m'/. a"" — ! always. As before 
the common denominator is written only for the term at the head of the 
column. 


1 IHi 1 

1 

! 1 m', 1 

fe-2 

I 


• / 

1 

I 

5(*Z+3> 

1-1 

1 

^-3 

1 

0 

-2l j 

1—2 

1 




2I—I \ 

1-1 

0 


1-3 

I 

2I*— 1914-27 



af-i 

1-2 

0 

2(2^^-I3i4’12) 



2I-I 


With the help of the above tables the electrostatic interaction energies of 
the singlet and triplet terms can be easily determined. These energies m e, 


‘(/+i); ■'(/ + i) = F»+ 

5(21 + 3 ) 

+ ( SL- — — 

-I 4I’-I (2l + 3)H2l + i) 


•Ml 


'(/) ; ■’(/) = F*- -i-F* 
5 


(4 / -i) 


M/-1) ; ■''(/-i) = F° + 


3 — ^ Ql-^ _ 


(2/ + 3)(2( + l) 


H 


5(3 / ”11 


, / ^3_ /' / - 1 + 3 (^ + 1 ) G' 1 I 

y (4Z*- l)(2l-l) (2Z + 3)(2 H-t) J 
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We now consider the first order effect of the spin-orbit interaction on the 
above energy levels. On the singlet levels it may be easily shown that the 
spin-orbit interaction has no eflfect. The three triplet levels, however, split 
into nine different levels + i) '*^0 / + 1, i, i - i) r , /-i, /-a- 

Energy values for these levels can be determined in the following way. By 
application of the perturbation theory, we have, as before, different deter- 
minantal equations for different values of M. For M — / + 2, there is only one 
equation giving the energy of the ''*(/ + i)z+2 level. This ts, 

■(/ I 1) r +2 = ,1 + (9) 


Where /w,, is the electrostatic portion of the energy and is same as that 
given in (8). b] and arc the cone^tants of spin orbit separations for the / 
and p electrons respectively and are given by formula similar to For 

M = / + t, we get a third order determinant whose roots are the three levels, 
+ "(/ + !)/., and ’'(/)/. j. This detenninantal equation is given 

by, 



E 


/,o 

(“ 1,1 


b. 


R 


/-i.i 





/-i, j 




= 0 (q.i) 







where Ei etc. 


J ,0 

are given by (7.2) and E. 

I 1,1 


etc. are given by, 



I 



(1) 

1 - 1,1 


»I2 


V 


(>• 

1,0 


dr 


(9.2! 


The two unknown roots + an(l '‘(/)/.iaredeteriniucdhyusint- 

the two properties of the determinants obtained. These are, (i) sum of the 
roots are given by the sum of the diagonal terms of the determinants (diagonal 
sum rule) and (2). In the suin of the products of the roots taken two at a 
time, the portion depending linearly on the spin-orbit interaction terms is 
given by the linear terms in the sum of the products of the diagonal terms 
taken two at a time. The second property follows from the form of the 
particular determinants, which contain similar terms at the symmetrical 
positions. From these rules we get, (since the root ^(/ + i)j+2 is known) 
for the sum and product of the two unknown roots, 
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■'(/+i)/ + ,. •'(/), + , 



(9-3) 


Since we are concerned only with the first order effect of the spin-orbit inter- 
action, we take the solutions in the form, 


a. « 


'(/ i) / 4 1 — ii / , 1 + (Xj — -t- (X 


’(/),.. =E;,o+h:,-„, -E,„ + ^,^’ + I 3 ,^ 

2 2 


I ••• ^9-^) 


where the electrostatic portions are same as those jiiven in (8) and a’s and 
and / 5 's are arbitrary constants. From (9.4) we get, 


'■'(rh i) / ^ i+’ll) t + 1—E1 , 1 )-^ El - 1 , 1 + ( eXj +/ 3 | 1 ( (Xj 


’(H-j 


lb. 


I/M - {!) 1 + i ^|‘^i|^E/,() + E/ _i,, E/,]^-t'/3,E,,,| I 


I- (Xo( E /,„ + E /_,,,- E , 1 -1- /EE / , 1 


^ 9 - 5 ) 


Expressing the E’s in terms of E'sand tEs with the help of (7.2) ancfTables 
T and II and comparing (9.5) with (9.3) we get, 

«i t /E~i“ >: = ‘ (2/ + 3)«i ' ip, — l‘+2i; "(2i + 3)(X2-l-//Ja = 3; 

Solving these w'e get, 


(Xi — ” -- ; 0^2 — 

I + 1 


,l ''/V ' rr - ^^-6) 

/ -I- 1 / + T / + 1 


vSubstituliiiK these values in (9.4) we get the required energy levels. In this 
way by solving different determinanlal equations we get all the energy levels 
for the /^/-coiihguration. We give in the following only the spni orbit 
portions of the energy. Electrostatic portions are already given in tS). 

For singlets, as has been already i)oiiilcd out, the spin-orbit portions 
of the eneigies are zero. It can be easily seen from (10), that the 
levels with same L and S value vsatisfy Lande interval rule. Further 
(10) also gives the separation factors for the different multiplets in terms of 
the single electronic parameters by and 63* For particular values of / these 
gives sepal ation factors for special cases which are in agreement with those 
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■■'(/ + 1) 


w, 



•■’(H i), 



'{1 + 1)1 


I + 2 

/+7 



H" 





■’(/) 


1-1 


_ _i f{ 1 ^ + l~r)b, 

/ + 1 \ 2 



/(/ + t) 


( /° + / ~ I ) fi 1 






(10) 




/-I 

/ 


(/ + 


( / H' 1 ) 





j 


given by Condon and vShorlley (1035). As for the electrostatic portions of 
the energies, it can be easily shown that the gcncial formuhe (8) yield 
those derived by Slater ^1929) and by Shorllcy and Freid (1938) for special 
cases. It may be noted that Racah (1942) by calculating directly the 
matrix of (cos in the lil^LM scheme and by use of Dirac's vector 

iiiadel has obtained leng thy general fornmkc for the electrostatic energies 
of different levels for the two electron’ configuration /]/:.. For the special 
case of y>/-configuration, his forniiila agrees with the electrostatic portions of 
the energies given in our formula (8). 


jj coupling . — 

In this case the spin-orbit interaction energies between the different 
electrons arc much greater than the electrostatic interaction energies. 
Hence, we have to consider the spin-orbit interaction first. I'lie effect is 
already known from previous works [Kar-Sengupta (1949) and Sengupta 
(1949)]. Each electron gives two levels corresponding to j — / ± A, the si)in 
orbit energies tor which are 2/ and -/if /-Hi) respeciively . The correspon- 
ding wave functions aie, 


X 

' tiljtn 


1/ + iJi 4 A 
^ 2 / + 1 


X 


nlm — i, J 


H 


jl — in 4 




X for 7 = / 4 i 

nlni + i, — A 




I - m H- ^ _ j}+itt + I 

2 /+ I ' nhn—l, i \ 2 /+ I 


X, fori = /-i 


(11) 


For />/-confiuration we get, therefore, in all four levels the spin-orbit 
energies for which arc, 

6— 1 712 P — J 2 
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ii-l t i. 

/'=«'’■ 4 

2 2 




2 

j 1 ' 1: > 7 ^ 2 

K=-(/ 4 i) 

2 2 

J L i , 7 2 2 

E= - (/-I 

n 


The corresponding antisyniinetric wave functions are, 

X = — - fx 

M2/27>/2 2 V ^”ih7p>'i ' 


(ic;) 


(t2.t) 


we next consider the effect of a small electrostatic perturbation on eachlof 
levels given in (12). This has been considered in detail by IngHs (193:^). 
He has, however, considered only some s[)ecial cases. We shall give heie 
the general formula! for the />/-coujQguration. The method of calculating' 
the perturbation energies is same as that outlined in the beginning of the 
present paper. The final equation from which energy determinants are to 
be set up is of the form, 

/ (H-«)x j dr==o (13) 

where H — In the above, we have dropped n and / in the subscripts 

of X for simidiciiy. The integrations involved in (13), tliough ccmiplicaled 
can nevertheless be performed for the general case of /^/-configuration, 
with the help of the Tables I and II. We denote the diagonal lenns of (13) 
by T (jm, jhriJ) and give in 'Table III, their values for the />/-configuraliou. 
Numbers given in the columns are to be used as coefficients to the integrals 
given at the head. To each T, F° must he added. The coiiinioii deno- 
minator is given only for the first term of each coluinii. 

The twelve energy levels as determined with tlie help of Table III and 
diagonal sum rule arc given in the following. For the individual levels we 
use the standard notation {jxj-2)j where / is the rCvSultant angular momentum 
of the level and jj and /o are those of the individual elections. 

Tlie above general formuhe give results identical AVith those obtained 
by Inglis (l.c.) for special ca.ses. Racah (19/12) by use of Tensor operators 
and Wigner's transfonnation formula for vector addition, has obtained general 
expression for the electrostaic energy for two electron configuration in the 
jj coupling. He has not, however, simplified his very complex formulae 
for the special case of /?/-coufiguration. Hence we are not able to compare 
pur formula (14) with his results. 
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i' , m' i 


Tari,e hi 

T (jtll 


^ + i j i+l 




/ + 1 

2/1 J 

JU-S) 

L>/ + 1 


_ 2/^— J iZ-ffj 




61/ ^i)(/__^l(../-;i) 


'ii+r 




iS(^/ - I) 
2/4 I 

2/ -1-1 

(/-f'Ijl2/-| I) 

fK)(/ — 1) 
'4?+ 1 


/ + ! 


/-i 




14/ + 1 

(/-i )(.>/ + 3 ) 
4/ + 1 


4'/-])(j/+ 1) 


4(/ + l)(4/ + j) 


, I (/-]) (2/“7)(2/ + 3) 

’ 1 .1;''-.“' 

I 

-i I _('-ill-’'+3) 

I .>1+1 


li 


! I /)/*— j I zi+i 


■ii!z"''A^r.7'+s7 

4/^—1 
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I 




5 ( 2 / + 3 ) ^ 4 /®-] 


G‘ 


'V- G'*’ 

( 2 / + 3 )‘( 2 / + J ) 


/ + i. a - ,, I ' 7 j 

/ ' ' I 5(2/ -I J >(2/ i 3) 


F- 


+ . ... G'-i ,,, 

/ ? . \ I .o'-* 


( 4 /"- J)( 2 /-|- II 


1/ + 3)'-’(2( 4 I 


'*-i. 2)= M ,,+F"- 3)(/H 2) 

/' 5^2/ + I)(2/4 3) 


y G ' - ' - r ' ' I 

( 4 /-'-- I)l 2 /+ 1 I ( 2 / 43 )='( 2 / 4 i)- 


(/ + i. 5 


„ -r F'^ + F^+ - 9 G‘- 

5(2/1 II (4/*-!)* 


/-I 


4 3 ±L£) 

(2/ 4 3/(2 / 4 T)- 


/ + i, i ) = -/>, 4 F'^- ' - G' " 

'^ + 1 2 (2/43)* ■ 


/ 4 /,il = 


+ F“- — i G'’* 

(2/4-3) - 


/-iS) = - 1/4 1 ) I I 

y^+i 2 2 5(2/ i-i) 

- 3(/-i> .-/-i _ tj 




( 2 /H l)( 4 /'''- I) 


l/ 4 3)‘(2/ 4 1 ) 


. (-T 


* / f 1 



J 5 > I 


4 (/-j 4 ( 2 / 45 ) . 

5 ( 4 /“-!) 


<'ri)(y/A-F 3 ) 0 

(4/"-!)= ' (2/ 4 3) (3 / 4 1) 


G«ii 



4 F" 


(/4i)(2/ — 5) ..2 

5 ( 4 (— I) 


4 4/ 13 ^i — i 

( 4 /*-!)* 


__ 9 (/ 4 i ) 

( 2 / 43 )( 3 / 4 i)- 
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/-A. i 


+ F“+ F‘ 

5(2/ -i) 


— .3 ^ 1 3 ^ ^ ^ * 1 

(4/” ~ tU2/ I ) (2/ + 3U2/ + t'> 

f-A.i) = + T ( 7 '-i 

h 2 (2I-1) 


i-l, i 


+ F°+ ‘ (7^-1 


I ... (M) 

icon Id.) 


From (14^ (S) and fio^ it is easily noted that the sum o! the Bpin-orbit 
and electrostatic enertiies for terms of the same } vahie are same in both LS 
and yy coupling. Thus if we denote the spin-orbit energy by V and the 
electrostatic energy by 8. then we can say that F-sum and S-siim for all the 
terms (^f same J are independent of colliding. This, as will be i^rescntly 
shewn, is a special case of a more general sum rule valid for all configurations. 


U JM R IJ Iv K S !•' 0 R r n E M IT Tv T 1 P Iv E T S 

r,et us now consider the case of N electrons. The antisymmetric wave 
functions can be written in the dcteiminant form, 


V : 

] /s/ N \ S 


/l) 

(Z) 

(N) 


X 

X 



^1 

/O 

(4 

(N) 


X 

X 




(l) 

C.:} 

(N) 

'Mn 

X*, 

tlN 

fit! 


where 7ii, etc in the determinant (15) stand for the conplete set of (luantuin 
numbers niJiW^m,^ etc. Since the system is degenerate with respect to 
etc., the general wave function can be written in the 

form, 




^ X 


fi5J) 


There arc as before three perturbing energies, 

N _2 

fi). electrostatic S 

i>j — r Tl] 

(3). spin-orbit H3= 

i=, 2,»o c* r 


(15.2) 


H3= S aim/, +2JH.., ) 

k.= t 


(3). magnetic 
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From the ri'eneral theory of pcrtmbatiou, we {■ot correspond iug to (4), 

fihl-~ii)x ... X ... dT = o (t6) 

Where 7 -^~ 77 , ^ 7/0 H Hr, . AvS has already been ])oirilcd out in the begiiiing', 
equation (i 6 ) gives a dcterniitiantal equation for each value of 


M- S ). Though the general solution of any determinant is not 


possible, yet the sum of the roots of any equation of a particular 71 / value can 
be obtained from the diagonal sum rule, if we know these diagonal terms of 
the clcterminant. It can be easily shown that the diagonal terms are 
given by, 


N _ y V 

^ M/,s, I- 2 ) 

l-i=rr A-"' 


where, 



d'“ 

^ t / 



( 7 ) 

a 


dr 




c 



(i) 7 “) , 

X.. X.. d’' 




(17) 

'1 

(i 7 .i) 


aud bt and a have usual nicaniiiR. In (17), lirst is the electrostatic interac- 
tion term and the second and the third are the spin-orbit and magnetic terms 
rc.S])ectively. To gel tlie .sum of the energies of all levels with a ])articular 
value of M, wc have to sum the diagonal term given by (1 7) over all values 

of (mr, Die, ; iiuj)h, ; ■■■ ) con.sistenl with the condition, 2 (lilt, )~M. 

I ) • 

It is easily seen from the form of (17) that for any con ligura lion, the total 
electrostatic, si)in-orhit or niaguetlc contribution, in the sum of the energies of 
all slates having a i)articular value of il/, does not depend on the relative 
magnilndes of the three perturbing energies. This, in essence, contains the well 
known sum rule.s of the mulliplet spectra. Let us suppose that the spin-orbit, 
interaction energies of the different terms can be represented separately by a 
factor 1 ’. Then it is evident from what lias been said before that the sum of 
the F values for all terms of same M will he independent of magnetic field 
strength and electrostatic interaction energy. Similar rules hold for electro- 
static energy 8 and magnetic energy agM (g is the well known Lande factor). 
Thus we obtain that S-, P- and g-sums for all terms of .same M value arising 
out of a configuration, are independent of coupling aud field strength. Thus 
we get in addition to the well known 1 ’- and g-sum rules [Goudsniit (1928) ; 
Pauli (1923)], a new 8-sum rule, which is applicable to the electrostatic 
interaction energies. 

It is well known that in the absence of a magnetic field, the different 
terms of a multiplct aie degenerate with re.spect to M, Lc., V and 8 for such 
cases do not depend on M. For weak fieW the magnetic contribution to 
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energy is of the form a^M where the I.auclc factor, is indcpeiidcnl of A/. 
Thus for weak field T- and ^^-snnis depend only on the J values of the 
terms. If now 5 m and 5 m-- i denote these sums for two A/ values, M and M — i, 
then evidently 5 j-.m — 5 m “Nm- i will give the T- and ^C’J^nins for those 
levels whose J values arc same and eciual to M. Since both 5 m and 5 m- i arc 
independent of coupling (from the sum rules', wc get the result that in a weak 
magnetic field, the I"- and ^e-sums for all terms of same /, arising out of a 
configuration arc independent of coupling. This gives the well known weak 
field i^-suni and ^'Sum rules. We notice that the rule is eiiually true for 
the <^-sum. For sl~ and /^/-configurations the rules can be easily verified from 
the formuloe already gh en. 


C O IM P A R I S C) N W I r H IC X P R R T IM U N T A T, R I\ S V h T S 


Wc shall now verify the fi-sum rule by taking the experimental results 
for a number of elements. We shall consider only tlie no field case. The 
sum rules here, give us a number of eciuations, each for the sum of the 
energies of all possible levels for a particular value of /, arising out of a given 
configuration. Knch sum is given in terms of a number of parameters. If 
the number of these i)aranieters be less than tlie number ol ecjuations obtained 
then WQ can eliminate these [)arameLers and obtain a relation betv\een the 
different sums. I'or np^ coniiguralioii, the allowed terms are 
‘Fj and The sum rules give, 


^T)i = 3Fo-6F. = I 

^7T = 3Fo-in 
where and F., - ^ . 


(i8) 


Instead of calculating these sums directly from (17 ', we can aLso calculate them 
from the energy levels in the IS or jj coupling, in the cases where they are 
known. 'I'his is obviously possible, because the sums given in (18) are indepen- 
dent of coupling. Thus from (iS) we get, eliminating the conslaiils 7 ^^, and 7 *\, 


III 1 2li 


(iS.i) 


This relation will evidently be valid in all coupling strength. In column 
three of the following table are given the cxperinienlal values of (r for a 
number of elements. All the data used in this paper are taken from Bacher 
and Goudsmit (1932). 

From yNI to 8521/7 we have progressive dei>artnre from 7.5 coupling. In 
spile of this departure, the experimental values of o- are, however, in agreement 
with the tlieoretieal value i in all cases. 
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Tafle IV 


elcMiient 

1 

Configura* 
tion i 

1 

tr 

Thcurctical 

np^ 

T.no 

7N I 


T.OI 

16R ir 

3 P^ 

•99 

43 As ; 

aP^ 

1. 00 

5iSb 1 

SP^ 

1.02 

83Bi I 

6 p> 

.97 


For 7 ip' configuration the allowed terms are ’D., 
From the sum rules we get, 

^D, + ^P, = 2 F,-iF,+ ^ =I 

o 

■■'F, = 7'o-5Fs- =II 
VA, + % = 2Fo4 5F,-1, =ITI 


"Pu "Po and 

\ 

... (tq) 


Here we have tlirce constants and three equations. Hence It is not possible 
to eliminate the constants. From (19) we get, 




(19.1) 


This relation is valid in all coupling. In 7.S coupling and extreme coup- 
ling, we have the relation, 



(19.2) 


In Table V, we have given the values of ^ b calculated fron ^19.1) and ( 19.2) 

2 

for various cases. 

T/vulk V 


Klcnicnt 

Confipiiratioii 

^ ^ from (iQo) 

3 h from (10.2) 

i4Si 1 


271.6 

223.14 

r 

aP'‘ 

1320.0 

14 .39.(1 

5oSn I 

sP'‘ 

1 

1 3146.0 

j 

3428.0 

SuVh I 

s/.J* 

i(» 94 i 

10648 

S^Bi 11 


1 I 73 U 2 

17025 
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It is noticed from the table that the agreement between the two values is 
fairly good in all coupling. Thus taking (19.2) to be valid for all coupling 
we can elininate the constants from (19) and gel. 


1 C — V) 

’Po + '6 »-2"/\ 


= .6 


(20) 


Kxperimental values of a- for a number of elements are given in Table VI. 


Taiii.e VI 


Blemvnt 

1 Ctinfignra-* 

1 ( itiii 

1 

d 

1 

Tljcurc't'icul 


i 

hC 1 

2/>^ 

! -53 

so III 


..sj 

l.|Si I 1 

.■?/»* 

-50 

jaOe I 1 



J 1 


.(■>2 

SaPI) I j 

6/'* ! 
1 


8jBi 11 1 

h/>‘^ 



From Table VI we note that the agreement is throughout fairly good. 
Since, however, (19.2) is strictly true in the LS coupling we should expect 
better agreement in this ca.se. Hut Table VI .shows that here disagreement 
is rather greater. This is possibly due to the perturbing effects of other 
configuialions. 

For and d' configurations, elimination of the constants is i^ossible. 
But all the terms resulting from the configuration are known only for a veiy 
few cases. Hence no useful comparison with the exijcriiucnlal results can I)c 
made. 


T.Mti.r. VII 


IClviiivnt 

tidll 

rr(‘(licU.d valiK' 
ol V*,,- '.S'„ 
in cm ' 

32GC in 

i 

1 

J 

50S11 III 

St’^ 

! 

5iSb IV 

sf® 

1 33 -’-i 

saTe V 1 

i 

1 

j 2i/\o 


7— I71*p— 12 
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In some cases where one or two terms of the configuration is not identi 
ficd or detected, the approximate position of this terms can be jnedicted from 
the sum rules. In many cases of P^-conhguration all the levels excej)! ‘So are 
known, From (20) we can predict the position of this level. Table VII 
gives the pridicted value of ‘S,, for some elements. Instead of giving the 
actual term values, we have given the separation ^Pq- ^So in the table. 

In conclusion we hope that the o-sum rule, established in the present 
paijcr will prove of great heli> in the classification and identification of 
different spectra, specially those in the intermediate coupling. 
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